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Observations on the Differential Inhibition of Coliform 
Bacilli and Rough Variants of Intestinal Pathogens 

B\ J BKODIE 

Dtpariment of Badcriohg}/ Medical School Vniocnlty of Si Andrews Dundee 

SUICVL\R’\ DUfercnlittl Inhibition of Gram negative bocilli of Intestinal origin 
appears to depend upon a combined action of bile salts and electrolytes. This occurs 
only under certain conditions, among ■v^•hlcll oerobio Incobatlon is one and the nature 
of the surface ux>on which the cultures are grown Is another 
During the recent war dcsoxycliolatc could not be obtained in Great Britain and 
a modilled Leifson s agar medium (1055) was prepared substituting taurocholate 
for desoxj cholate rosolic add for neutral red and a peptio digest of sliecp serum for 
the pork infusion peptone nutrient base Tills medium gave adequate inhibition of 
Bttder/»m eoU (Escherichia coll) while allowing good growth of tmooUi variants of 
intestinal jiathogeas. Rough ^‘a^lants of these micro-organisms were markedly 
inhibited 


Malenals and methods 

In qU experiments the reaction of the media was standardized at pH 7 6 
Plates were dried for 80 min, at 87^ before use. The six strams of raicro- 
orgaiusras tested were moculatcd thus A 8 mm loopful of a 24 hr agar culture 
was suspended m 9 ml of distilled water and well mixed this suspension was 
stroked on the plates by dipping into it a T shaped piece of 0 018 in gauge 
chrome iron wire, the width of the spreading surface being 8 mm This 
inoculation of a small quantity of a well-diluted culture was adopted to ensure 
that only a minimal amount of nutrients would be earned over from the parent 
growth. 

The taurocholate used was the sodium tauro-glycocholate marketed by 
Bntuh Drug Houses Ltd of B P C standard All quantities quoted os % 
subsequently refer to the weight of the substance m 100 mL of solution, 
» ^ % (’ff/v) 

The following strains of organism were used for testing the variously 
compounded media 

SR, a rough variant of a recently isolated Soxme HI bacillus 

SS a smooth variant of the same mlcro-orgamsm 

Cl Bactenim colt communis from human faeces. 

C2 BaeL colt commumor from human faeces 

Al Aerohacter sp from milk. 

A2 AeTvbader sp from water 

The standards adopted for comparing the inhibitions of growth were 
(a) ‘partial differentiation’ which means that strains SR SS Al and A2 
grew, but Cl and C2 failed, (b) ‘complete differentiation means that SS grew 
but aH others failed to do so 


QUIII 
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Comparison of iaurocholaie and desoxijcholate media 

The first experiment -was designed to compare desoxycholate and taurocholate 
m presence of citrate Four batches of modified Leifson’s agar medium 
(Brodie, 1942) were prepared, all containmg bile salts (0 5 %) and trisodium 
citrate (2 5 %), but without feme ammomum citrate and rosolic acid (as it 
was desired to test only the essential constituents of the medium), as follows 
A serum peptic digest + taurocholate + citrate, B, serum peptic digest + des- 
oxycholate + citrate, C, meat infusion peptone + taurocholate + citrate, D, 
meat infusion peptone + deso''cycholate4- citrate 
The results of one experiment n ere that all strams grew on medium C, that 
media A and D inhibited all but stram SS, and that mediiun B inhibited all 
strains From this it would appear that taurocholate is less effective than 
desoxj cholate as a differentiatmg agent, but, when the basal nutrient is peptic 
digest of serum, taurocholate can replace desoxycholate Other results were 
not always so clear-cut, though similar ones were obtained on very many 
occasions Occasional!)" the degrees of inhibition were less marked, media A 
and C giMng partial differentiation, medium B complete differentiation and 
medium D growth of SR and SS only From this it appears that changes of 
the basal nutrient might alter the elTcct of the bile salts The difference between 
the media is therefore probably quantitative, not qualitative 

Effect of elccirolyies 

Leifson apparent!) used citrate to give the desired inhibition of Bad coh, 
but he noted that sodium acetate and even sodium chloride produced a similar 
effect He suggested that citrate was suitable because it forms a salt with 
dcsox\ cholate Media containing peptic digest of serum have a sodium 
chloride content of about 0 9% (Brodic, 1942), which is rather more than is 
present in most media, and it is probably upon this high salt content that the 
sntisfactor) results obtained with the modified Lcifson’s medium depends 
Sodinm citrate in absence of bite salts Mdien sodium citrate was used in the 
absence of bile salts inlubition occurred with increasing citrate content but 
w as not distributed among the strams tested m the same order as that produced 
b\ bile salts + citrate All six strains grew in the presence of 4 % citrate, only 
SR and C2 failed to grow on exposure to 5 % citrate It seems, therefore, that 
the bile salts m the medium do not mcrel) enhance the action of electro!) tes 
Sodium citrate, sodium acomtatc and sodium fumaraie Var)ang concentrations 
of these sodium salts, representing two trualent and one dualent organic 
anions were used with a medium m which the peptic digest of scrum was 
diluted to one-quarter the strength cmplo)ed m routine work The diluted 
digest was used because prcliminar) tests of quarter-strength digest as the 
b Ls il nutrient in presence of 0 5 % taurocholate and 0 3 % XaCl ) icldcd clear- 
cut partial difrercnliation \nth 2 5 % citrate and complete dilTercntiation Avith 
^ I itr I'e 

The vunc decree and distnbution of partial dificrentiation was produced b) 

0 1 ''-citriti 0 1 ■'i-aconitatc and 0 2 M-fumarate, complete differentiation a^as 



Inhibition of coltform bacilh 8 

given 0 2 M-cltrate 0 2 ji ncomtate and 0 3 m fumnrate As shown by 
Leifjoii, the effect of citrate is therefore not specific, 

Invcsiigation of salts in relation to their place in the Hofmeister series The 
previous observations suggested that the influence of electrolytes might be 
largcl) physical and related to their position in the Hofmcister senes 
Swelling’ or ‘shrinking’ of the agar upon nhich the organisms were growm or 
a kindred effect upon the bacilli themselves might be a factor detennimng the 
diffcrentxal inhibition 

Table 1 Molar concentrations of salts giving differentiation when added to 2 % 
agar medium containing quarter strength peptic digest of serum and NaCl 
(0 5 %) in presence of (a) tanrocholate 0 6 % and {b) desoxycholate 0 6 % 
Plates incubated aerobically at 37 5* 

ConccDtrotion of salts needed for 



Partial 

Complete 


differeatiatlon 

difTcreDtlation 


(«) 

(H) 

Ammonlam cKnita 


O-l 

Potassium dtrote 

0 060 

0 12 

Sodium citrate 

01 

0-2 

AmmotUum colphate 

0 13 

>0-3 

Potassium sulphate 

>02 

— 

Sodium sulphate 

0-S 

0 42 

Ammonlam chloride 

043 

0-48 

Potassium chloride 

05 

0-67 

Sodium chloride 

0 63 

o-oe 

Ammonium acetate 

0*126 

0*100 

Sodium acetate 

0-S3 

0 6 

Amraonlum citrate 

0-04 

ooe 

Sodium dtrote 

0-08 

012 

Sodium fulphate 

0-18 

033 


Vanous salts (Table 1) were added m varying concentrations to the quarter 
strength peptic digest agar containing taurocholate 0 5 % and NaCl 0 5% 
(which IS the NeiCl content of Saunders Dorfman <5L. Koser s (1041) synthetic 
medium) Table 1(a) records the molar concentrations of electrolyte required 
for partial and complete differentiabon Similar tests were made with 
desoxj cholatc 0 5 % m place of taurocholate (Table 1 (6)) the results mdicatc 
that desorycholate differs quantitatively from taurocholate in its action, 

A further test was made of meat infusion peptone agar of unknown electro- 
lyte content as nutrient. Both taurocholate and desox> cholate were used The 
results were substantially the same as those with the peptic digest of serum 
except that slightly higher molar concentrations were required. Smee with 
both nutrient media desoxycholate was more ncti\c than taurocholate it is 
possible that both the bile salts acted m the some way It is possible that the 
activity of the serum peptic digest as compared with the meat infusion peptone 
medium was due to its higher NaCl content. Complete differentiation was 
obtamedm presence of 0 76 ii NaCl in quarter strengthpepbcdigestcontaining 
0 5 % taurocholate. 
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These obscr\ ntions suggest that there is some correlation between the 
position of the \ arious salts m the Hofmeister senes and their power to inhibit 
colifomi bacilli and rough ^anants of the intestinal pathogens in presence of 
bile salts 

Effect of the nutrient medium 

The ti\o basal media so far employed were substantially the products of 
peptic digestion The effect of taurocholate and citrate added to other types of 
nutrient m as tested as follow s Nutrient agars w ere prepared wath (1) Douglas 
broth (2) tej-ptic digest of serum, (3) trj-ptic digest of casern ns used for the 
preparation of Gladstone & Fildcs (1940) ‘CCY’ medium, (4) acid hydrolysate 
of casein as prepared for the same medium, (5) yeast extract as used m ‘ CCY’ 
medium, (G) the complete ‘CCY’ medium 

Complete differentiation was obtained in the presence of 0 5 % taurocholate 
and 5% citrate with all the nutrient basal media tested except the complete 
‘CCY’ medium which, containing sodium glj ccrophosphatc and sodium 
lactate required onl\ 3 75% of citrate ProMded a nutrient medium is 
nd{ quatc to support the grow th of the strains tested, the differential clTect can 
be obtained In adjusting the clcctrolj tc content of the medium in the presence 
of bile salts When the salt mixture of Saunders cf al (lOtl) was incorporated 
m igar containing 0 5 % taurocholate and 2 5 % citrate, and the NaCl content 
raised to 0 9 and 1 3%, partial and complete differentiation rcspcctivclv were 
obtained 

Fractionation of peptieaUij digested scrum 

Ethanol fractionation Vanoiis ethanol fractions of the pcpticalh digested 
scrum were tested in an attempt to define the distribution of any factor which 
might influence the differential effect Matcnal soluble m 70 % (v/v) ethanol- 
water was an excellent nutrient medium, ns sharp in its differential action 
111 the presence of 0 5 taurocholate and 2 5% citrate as the crude digest The 
corresponding precipitate was a poor nutrient and dc^oId of differentiating 
aeti\ it\ The fractions soluble m SO, 00 and 100 % (v/\ ) ethanol when used to 
eompound media showed some differentiating action, but full actnity was rc- 
g uned onl\ w hen the corresiionding filtrates and precipitates w ere again mixed 
tthfrom prptic dio cf The ash from a knowm qunntiti of pcpticall} digested 
St rum was reconstituted to the original xolumc Yhen quarter-strength peptic 
digtst of scrum w is replaced m ag ir media In its content of ash m the presence 
of (1 taurotho! ite and 2 5% iitratc partial differentiation was obtained 
of the s irne lUgria' is was neliicicd In using quarter-strength digest, 0 5% 
liuro(holif< imi citrite The indication was that the difTercntinting 

pout - of tin nudium w is dtjicndint upon a suitable balance of nutrients, bih 
- il's and ekitrohtcs 

Surfrrt rrt'-( acent^ o'her then bile ^allf 

It u n*" tb' ir siirf le^ affi\it\ tin mflut net of tin bik salts might b*- dm 
* % i' \s d r the' to jdi sadogicd tfTicts Otlnr surf ict- icln t agents 

» ‘I * si ''oditirn o'tatr, stKluirn ncinolt iti , sfxhiirn o!/ I 
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•ulplmte, Tergitol sodium tacciaate and Aerosol OT (diethylsulphosuccmate) 
all having surface active amons and saparaine having a surface-active cation, 
were compared wth bilc salts m the presence of peptic digest of serum of 
routine strength (NaCl 0 0 %) Wth 2 5 % citrate and the surface-active agents 
m dilutions of 1/800-1/100, not even partial di£fcrcnbat;ion was obtained It 
vras noted, however that (a) strum SR was more susceptible than SS to 
nemoleate, Tergitol Aerosol OT and saparaine (6) strains Cl and C2 showed 
some effect with Tergitol and Aerosol OT, (c) strains Al and A2 were 
uninfluenced by an> of the agents tested- 

Similar experiments were conducted with 1/200 dilutions of the surface- 
active agents and different concentrations of citrate up to 6 % Strain SR was 
inhibited by all the agents except sodium olejl sulphate and sodium sucemate 
above a citrate concentration of 2 6 % but grow th of the AeivbadtT spp 
remomed maximal It seems possible that the inhibition of SR as compared 
with SS may have been due to a combmed effect of clcctrolvte and surface 
active agent. This does not hold for the other micro-organisms tested except 
that the commercial preparations Tergitol and Aerosol OT inhibited strains 
Cl and C2 when the concentration of citrate was mcreased. The action of bile 
salts differed from that of the other surface active agents m that oiil> bile 
salts inlubited the Aerobader strains m presence of citrate. 


The effect of otr otid the nature of Uie surface 

In the experiments so for described the moculations were mode on the 
surface of 2 % agar media. The inhibition might be affected by the exposure 
to aiT or to a surface condensation of some of the constituents of the medium 

Anaerobic cultivation Tubes of routme bile salt citrate medium (Brodie, 
1042) were prepared and when the surfaces were dry the six cultures were 
mvestigated by stab moculation After 24 hr at 87 5® the zone of visible 
growth extended up to and over the surface only ^nth stram SS With strom 
A2 it just readied the surface but not with the others After 4 days incubation 
A2 began to grow on the surface and by this time strains Cl C2 and Al had 
reached the surface On the 5th day strain SR reached the surface and grew 
thereon, strains Cl C2 and A 1 rtiU fmhng to give surface growth. 

Plates were made using routme strength peptic digest of serum (NoCl, 0 9%) 
and 2 6 % citrate with added taurocholate (0 6 %) or desoxycholatc (0 6 %) 
A similar set was mode with meat extract peptone nutnent medium After 
inoculation with the six strains of micro organisms used, dupheate sets of 
platks were incubated aerobically and anaerobically Only under aerobic 
conditions of meubahon was the differentml inhibition obtamed. 

Effect of wrying the gel All culture media so for employed contomed agar 
as the gelling agent. A senes of comparative tests was made with a nutnber 
of different geUing agents The quarter-strength peptic digest medium contam 
mg NaCl 0 6%, taurocholate 0 5 % and citrate 2 5 % was soUdified with 
(a) agar 2 % {b) substitute agar prepared from GtgarUna sieUata 2 % (c) gelatm 
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15 %, {d) mixtures of ngar and gelatin, and (c) silica gel Aerobic incubation 
was used throughout 

With [a) and {b), at 22 and 37°, only SS grew well, SR, Cl and C2 were 
inlnbitcd and growth of A1 and A2 was minimal ^Yllen gelatin was the 
solidifying agent the effect was reversed, SS growing least well of the six 
cultures tested ith gelatm, NaCl 0 5 % and citrate 2 5 %, m the absence of 
the peptic digest basal medium, the addition of taurocholate enhanced the 
nutrient quality of gelatin for the strains tested, whereas the inhibitory action 
of citrate was greater in the absence than in the presence of the nutrient base 

Table 2 Degrees of differenhahon ohiaincd tciih agar, gclatiij and mixtures 
thereof in the presence of scrum peptic digest diluted 1 in 4 of that used in 
routine -cork (NaCl content adjusted to 0 5 %), 0 5 % taurocholate and 
2 5 % sodium citrate Plates iccre incubated aerobically at 22° 
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To obtain complete differentiation, it was found necessary to add only quarter 
strength peptic digest of serum and 0 06 % taurocholatc to the silica. It would 
appear that the high electrolyte content of commercial water glass influences 
the differential inhibitory action of bile-salt media m which it is the solidifying 
agent By adjusting the amount of bile salt, media prepared with it give the 
same differential inhibition of the micro-organisms tested as do agar media. 

The author wishes to thank Prof. W J TuDoch and Dr D Stiven for valuable 
advice and oiiUdam during the course of this work. 
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nonnally on bactcna as the exclusive source of food supply (Smgh, 1946, 
1040a, 1047a, 6) Nutnent media not onlj encourage the development of 
mcdible micro-organisms but possibly also of those -which produce toxic 
substances Thus it is essential to use a non nutnent substrate like plam agar 
or silica jelly and a suitable bactenal food supply m order to isolate and grow 
holozoic protists and for quantitative studies if reliable and consistent results 
are to be obtamed The present work deals with L reticulata Goodey 

Method of t9olaUon and culture 

The method of isolation was similar to that used m the cose of Acrasieae 
and miTcobactena (Smgh, 1947a b) One or t^vo loopfuls of a readily edible 
bactenum growing on nutnent agar slope cultures (2-5 days old) ore spread on 
the surface of non nutnent agar (1 6 % washed agar m 0 6 % NaCl pH 0 8-7 0) 
m the form of a disk or ‘bacterial circle of about an mch m diameter It is 
preferable to use Gram negative bactcna, because they do not encourage the 
de-velopment of Ijdio actmomjeetes which are very commonly present m soils 
Several such circles arc mode in each Petn dish. These circles ore then 
moculated at the centre either with small crumbs of soil, diluted soil suspen 
sions or with small portions of some other substrate and the plates are 
incubated at 21-28® for 2 weeks or more and exammed at mtervals under the 
low power of a microscope. In these crude cultures cj’sts of amoebae m large 
numbers together with fhuting bodies of myxobactena and Dietyosiehum spp 
are usuallj present in addition to the giant amoeboid organisms 

Prom the crude culture* giant amoeboid organisms are purified as follows 
A portion of the agar containing these organisms and very few or no amoebae 
and other micro-organisms mentioned above, arc cut and transferred face 
downwards to freshly prepared bacterial circles "Withm 1 or 2 weeks large 
numbers of giant amoeboid organisms are seen in these cultures By repeating 
this process a few times pure mixed cultures of these organisms hving on one 
species of bacteria are obtamed In order to obtain pure-line culture smgle 
cysts arc picked with a raicropipette from a suspension of cysts m 0 8 % NaCl, 
and each is moculated to a bactenal circle m a Petn dish. Aerobader strain 
1912 (Singh 1941) was extensively used m the beginning of the work to isolate 
giant amoeboid organisms from vanous soils 

DisirilniUon o/Leptomyxn reticulata in iotl 

To study the occurrence of L rrticu/ota m soils sample* were taken from the 
top 2-6 m The method of isolation and culture was that desenbed above 
Fifty nme soil samples from Hertfordshire Berkshire Bedfordshire, Wiltshire, 
Kent, Cornwall Glamorganshire Breconshire Pembrokeshire and Aberdeen 
were examined. L reticulata was foimd m all the twenty six arable soils Of 
thirty three grassland soils exammed only twelve contained this organism In 
addition to the soil samples mentioned above nine soils of the classical plots of 
Bamfleld and Broadbolk at Rothamsted were also exammed Some of these 
soils have been treated -with farmyard manure, some with artificial fertilisers 
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ohIn and sonit lia\ l h( ( ii nniiiaiiiin d. lla < In if nif ids Ii i\ ni;' lx i a ( oidmia d 
for dioid a hundred \ cars 'I’lu prcsinn of rr/a i//r//cMii all lla s< jdols pnucs 
lhalil isalriK soil inhalidaid \f«\wi<ln(I\ di i omposina ( omjiosi ofstraic 
and slud/fc I hat re e Minimi d alsoriMiilid tin pri si lu i of I, rrlirulnlti \o 
correlation helwcin the pll of Ihi sod and flu distrihidion of 1, rrliciilnta eeas 
found m sods raiiRin/r from pi I l.'HoTS A fi \s e oimls Ihal IriM hi i a madr l)\ 
the dilnlion e nllnre mi tliod (Sm^di, lUKur) from Handii lel f mmard m iimri d 
jilol rc\calcd the pre sente eif L nlintloltt np to flu sod ddntion of 1/I0(if) 

BQtrl nf pll on Hu "ro il/t »fh( j>Iom\ \a n lu id da 

To test the cfleels of pH on thi fjrouth of I, rrlinilnti: ‘huterial iirclcs’ of 
Icrohnctir sp \sere madi on 1 noii-nnirii at apar adjusted to pH I ‘2, ' '> 

G 0, G 0, 7 0, 7 I iS G and S’ 7 J.cpUnmirn ultculnln teas mot id ifi d in the centre 
of some of f hese haelerial I niinres uhdi the olhi rs \et re h ft nninoriildid is 
controls The jdales vert mcuhati d at \\ dhm 7-lG da\ s the hai ti rial 

culinres were comjdelth consumed and larpi mnnhirs of L Tctiruhitn uen 
jircscnt Al the end of 10 dins hneteriu from the loidrol ‘huterial circles’ 
^^crc gcnlh scraped off and a droj) of the miheator was addid to the agar m 
Ihis area and another drop to the agar aw n\ from the centre Xo c hange m the 
pH of the agar was produced hj the presence of the hiclena Similar lists 
showed that no change m the pH of the agar conlcl be fonnd where L nliailaln 
had grown with the bacterial a-ssoctalc for 10 da\s Thus it is clear that pH 
values between 4 2 and 8 7 lane no cflcct on the grow th of L reticulata 

Selection of bacterial food by Lcplonijxa reticulata 

Nmety-two strains of ver} aaricd bacteria were used They comprise 
common and rare bacteria isolated from sod, plant pathogens (17j‘J, o01"», 
1989, 5944, 5942, 385, 5913, 387, 5241 and 1997, sec Singh (1912) for the names 
of these strains), pigmented and non-pigmented bacteria mosth isolated from 
soil and a few strains of lilnzobivm The following pigmented species obtained 
from the National Collection of Tjpe Cultures, Lister Institute, were also 
used {N CT C Catalogue, 4tli cd 1930) Chroniobactcnum iiolaceuin (2537), 
Sarcina lutca (Gil), Pseudomonas pyocyanca {Ps aeruginosa) (1999), Micro- 
coccus rosciis (2688) and Sarcina aurantica (952) 

The stram of Leptomyxa reticulata was derned from a single cjst and was 
growmg on Acrobacter sp To test tlic selection of bacterial food by Leptomyva 
reticulata the method of ‘bacterial circle’ described before was used In each 
Petri dish tw'o ‘ bacterial circles ’ w ere made on non-mitncnt agar from a grow th 
of the bacterium to be tested, derived from a 4-5-daj’^ agar slope culture usually 
on nutrient agar Small pieces of agar contaimng L reticulata, cut from 
actively grownng cultures,' were inoculated at the centres of these bacterial 
cultures, which were incubated at 19-20° The plates w ere then examined under 
low power of a microscope after 7 and 15 da 5 '’s’ incubation 

The bacteria tested fell into three groups, some of them were completely 
eaten (readily or slowly), others were partly eaten over a small area for a few 
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days, after ^hicdi L rcUcuUUa either slowlj died or formed multmucleate cysts 
the remaining bacteria were cither mediblc or were ealen very slightly on rare 
occasions L rdiculata completely consumed 44 6 % of the bacterial strains 
tested Table 1 shows the relation between pigment formation by bacteria and 


Table 1 The relatton of pignumt produciwn by baderui to 
their edibility by l^ptomyxa reticulata 


Bacterial strains 

Total 

(trains 

tested 

Completely 

eaten 

(%) 

Portly 

eaten 

(%) 

Not 

eaten 

(%) 

Colourleas and yellow 

05 

82 8 

34-0 

23 1 

Orange and brown 

13 

46 1 

808 

28 1 

Red violet, bine and green 

10 

0 

80 

70 


the feeding reaction of L reticulata It is interesting to note that red, violet 
and green bacteria were not suitable food This resembles the feeding reaction 
observed m the case of soil amoebae (Smgh 1045) except m the case of two 
red strains and a green one which were partly eaten by L reiicuUda^ 

Table 2 The edibility of Gram-poetiive and Gram negaitve 
bacteria by Leptomyxa reticulata 

No. (trains Completely Partly Not 
tested eaten eateo eaten 
Gram-positive 41 ID 10 12 

Gram oegativ'e 62 23 16 14 

In Table 2 is shovm the relation between Gram staining and the ediblhty of 
bacteria by L reticulata. No correlabon between edibility and Gram staming 
exists as was also the case with soil amoebae (Smgh, 1045) 

Table 8 The difference xnfood tpeetjictty o/Leptomyxa reticulata and a 
large soQ amoeba tested on eighty four varied strains of badena 

The edibility of the bacterial strains by the two organisms was ilmllar for 02 % of the 
strains 

% bacterial 
strains 


Eaten by I., retleulala and by amoeba 20 7 

Inedible to both 32 2 

Eaten by L retlcitlata bnt not by amoeba 18 1 

Inedible to L. TeiteuUiia but eaten by amoeba 26 


When the feeding reactions of certain holoroic organisms (two species of 
soil amoebae and myxoamoebae of two species of Didyosiehum and heptomyxa 
Tdieiiiaia) were compared on eighty four strains of varied bacteria it was found 
that L rdiculota differed from soil amoebae in 88 % cases and from myxo 
amoebae of Didyostehum spp m 47 % cases The differences m its feedmg 
reaction from a largo soil amoeba are shown m Table 8 
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Effect of bacterial food on the formation of cysts tn Leptomyxa reticulata 

Under suitable cultural conditions and with certain strains of bacterial food 
supphes a single large multmucleate individual will produce multinucleate 
cysts Up to twenty or more cysts in clusters may be produced from each 
individual 

Table 4 The production of multinucleate cysts by Leptomyxa reticulata 
on varied strains of bacteria 

Relative amounts of cj st 



No 

formation by L 

reticulata 


bacterial 

f 

A 

\ 


strains 

Large 



Edibility of bactenal strains 

tested 

number Few 

None 

Completely edible 

40 

15 

8 

17 

Partly edible 

25 

5 

6 

14 

Non edible or slightly edible 

27 

0 

9 

IS 

The formation of cysts m the 

presence 

of pure 

cultures of bacteria was 

tested on non-nutrient agar as m the edibility tests 

In Table 4 is shown the 


relation between edibihty of bacteria and the formation of cysts Among 
the forty^ strains of completely edible bacteria only fifteen lead to the 
production of cysts m large numbers In the presence of the remaining twentj'-- 
five strains fev or no cysts w^ere formed The same is true of the bacteria that 
were only partly consumed by L reticulata Inedible or slightly edible strains 
produced few or no cysts 

Aerobacter sp (stram 1912) has been used for more than 8 years to keep the 
cultures of Leptomyxa reticulata This stram is readily and completely con- 
sumed by L reticulata, but no cysts are produced after a few subcultures 
IVhen the organisms had been grown for over a i^ear on Aerobacter sp , sub- 
cultures being made every 2-3 weeks, they were supphed with twelve strains 
of bacteria, some completely and some partly edible, that normally mduced 
the formation of numerous cysts No c}’^sts nere produced on any one of these 
tv elve strains supphed as food During the past 2 3’^ears the original stram of 
Leptomyxa reticulata mamtamed on Aerobacter sp has been tested twice to see 
if it could produce cj sts on some of those bacteria on which it easily produced 
c\ sts V hen freshlj' isolated from soil, but without any success Thus it seems 
that tins strain of L reticulata has lost its propert}’- of producing c} sts after 
being subcultiued on Aerobacter sp for over a j ear In the first few months 
of its isolation and culture on Aerobacter sp , it could produce cj'sts when grown 
in association with certam bacteria A new strain recently isolated from soil on 
Aerobacter sp easili produces cists when fed with suitable bactena It may 
be of mterest to mention m tins connexion that the importance of certain 
bacteria for the production of cists in the cultiues of Entamoeba histolytica 
has been realized b\ several workers who have grown these amoebae on a diet 
of uncontrolled mixed bacterial cultures growing m a 1 er\ rich medium It 
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has also been noticed frequently that under these conditions of growth 
E hisioliftica loses its power to produce cysts It is quite possible that these 
amoebae after growing for some time with bactena unsiutable for cysts forma 
tion lose their property to produce cysts, as has been observed m L rdiculaia. 


DISCUSSION 

The earlier work of Cutler Crump L Sandon (1022) at Rotliamsted showed 
that an inverse correlation existed between the numbers of bactena and active 
amoebae in 85 % of the daily counts taken over a penod of one year Recently 
it has be^ shown (Smgh 1941, 1042 1045) that soil amoebae do not feed 
indiscnminately on an> bactena Besides true soil amoebae, other groups of 
holozoic organisms such os species of BirtyorfWium (Smgh 10476 c) and giant 
amoeboid organisms, have been shown to he commonly present m arable soils 
of Great Bntam Since these groups of soil organisms feed selectively on 
bactena like the true soil amoebae it seems likely that they ore of some 
importance affecting not only the quantity but also the quality of the boctenal 
population of the soil Although Ltptomyxa rfiiemlata has been found to he 
present onl> up to a soil dilution of 1/1000 its volume of more than 1000 times 
that of a soil amoeba suggests that it is important m soil economy 

This work was made possible by a grant from tlie Agricnltural Research Council 
to whom the outhor s thanks arc due. 

It is a great pleasure to e xpress my sinefere thanlcs to Dr H. G Thornton FJkS 
and Mias L. M Crump for their interest In this work. Most of the itraina of soil 
bacteria were given to me by Mias Crump from her personaJ collection 
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The Effect of pH at Different Temperatures on the Growth 
of Bacterium call with a Constant Food Supply 
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The Physiology JnsUtuU Vnivcrttty College of South Wales and Monmouthshire 
Cardiff and the Paderiologieal LeAcratory Imperial College of 
Science and Technology London 

SU1HMAR\ The effect of pH over the range 6-0 on the growth of Bacterium coli with 
ft confltftnt food supplj was studied at 20 and 80 Total and viable counts wens made 
and grow t h curves constructed To (Uscowr the effects of starvntlon sampling was 
continued after stopping tire food supply 

Thetotnl count always substantially exceeded the viable Each g^o^rth cur\T showed 
on Initial phase of ^•n^ving dnH^ Increment In cell numbers merging Into a steady 
phase of roughly constant increment, which continued as long as food was suppUetL 
Low pH lUghtlj shortened the initial phase, low teroperatore greatly prolonged it. 
In the early initial phase development was slow at pH 6 but later became exceedingly 
rapid Altogether the con\TT»lon of the food supplied into (total) bacterial cells was 
best effected in conditions of low tcraperatunre ond low pR low temperature being the 
more ImporUnt, These conditions also favoured high viable counts end consequently 
smaller non ^'labQit} Indices. 

During starvation the apparent total counts declined except at 00 and pH 6 
when a steady Increose o c c u rred. Higher pH and lower temperature led to foster 
rates of decline Viable counts remained approximately constant at pH 6 but 
otherwise the numbers declined 

Jordan d. Jacobs (1944) showed that Boefmum eoli could be cultivated success 
fully m an apparatus which pemutted accurate control of temperature, pH and 
aeration, and enabled food to be added at a constant rate, so that the growth 
was controlled by the food supply The apparatus was fully described and 
the results of prelimuiory experiments reported. After an initial phase, growth 
was shown to contmue at on approximately steady rate so long as food was 
added Subsequent!) the apparatus was used to mvesbgate the mflucnce of 
temperature on the growth curves (Jordan &» Jacobs 1947) when it was shown 
that at pH 7 low temperatures were the roost favourable to growth, in that 
they conduced to the formation of the largest amounts of bacterial cell 
substance from a gl^'en amount of food Temperature also had a profound 
influence on the formation of viable ceils The proportion of viable cells formed 
was greatest at the lowest temperature used (16®) but at 35° which is close 
to the temperature ordinarily regarded as the optimum for this organism 
roughly half the cells formed were not viable, so that the number of viable 
cells remamed virtually constant while the total cellfl steadily mcreased At 
lower temperatures the viable count also increased In view of these mteresting 
findings it was decided to extend the experiments to detemune how the cultures 
would behave imder other conditions of pH, The results of this work are 
reported below 
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aiETHODS AND RESULTS 

Apparatus and teclmique The apparatus and technique employed were fully 
described in the first paper of this senes, and a brief summary was mcluded m 
the second (Jordan & Jacobs, 1944, 1947) In the experiments descnbed below 
the various pH values were all secured by the use of appropriate phosphate 
mixtures, smce it was essential that different ions should not be mtroduced 
Total counts were made by a turbidimetnc method 

Experiments performed Experiments were earned out at pH 5 and 6 at 
both 20 and 80°, and at pH 9 at 20°, daily estimations bemg made of the total 
and nable cells present The rate of food addition was 0 066 ml /1 00 sec of 
a solution of Difco dehydrated broth, equivalent to an actual addition of 
15 2 mg dehydrated broth/hr After a tune which varied between 14 and 
21 days m different experiments the food supply was stopped, but sampling 
contmued, m order that the effects of starvation could be studied The results 
are too extensive for detailed presentation m tabular form, so they are shown 
graphically m Figs 1-5 

Genet al remarks The mam features of the growth curves at aU pH values are 
similar and resemble those obtamed when the effect of varying the temperature 
at a constant pH of 7 was bemg investigated (Jordan & Jacobs, 1947) They are, 
in brief, as follows (1) The total count was always considerably higher than 
the viable (2) An mitial phase, in which the daily mcrements m the numbers 
of total and viable cells were changmg rapidly, was succeeded by a steady 
phase, characterized by approximatelj’^ constant mcrements (8) There were 
mdications that in the steady phase growth of the cultures had actually 
occurred in steps (4) After the food supply was stopped, in most cases the 
numbers of viable cells and apparent total cells soon began to decrease 

Despite the tendency m the present experiments for the bacterial numbers 
to increase m steps during the steady phase, it was, as before, convenient to 
treat the data as if each culture had grown at a constant rate m that phase 
The equations of the straight Imes which best fit the data have been calculated 
(Table 2), and the lines draAvn m Figs 1-5 correspond to these The Imear 
treatment is justified by the smallness of the standard errors of these slopes 
(AT and AF respectively for the total and viable cells), but if the stepwise 
increase was real then the divergences from Imearity were systematic and the 
standard errors hai e little significance The slopes of the Imes afford a useful 
assessment of the beha^^ou^ of the cultures as a whole, and enable a comparison 
to be made of the effects of the different conditions of pH and temperature 
Also, as the sigmoid cur%e of growth during the mitial phase should flow 
smootlilv into the straight Ime of the steady phase, the latter has assisted in 
fixing an approximate duration for the initial phase The end of that phase 
bemg coincident with the beginnmg of the steady phase, the equations 
representing the steady phase have been given in the appropriate form The 
starvation phase has also been treated as if the cell numbers changed linearly 

ith tune, and in the figures smooth curx'es hai e been drav n to link the straight 
lines 
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Fig 1 Growth carve* forbad. oo a corutoot food fupply of 15 2 mg Difco broth/hr 
at 80^ and pH 60 Tbe food tupply wa* flopped ihorlly before UUog sample marked 
by arrows. 



Fig 2, Grtnrth cxirves for Bact. eoii on a constant food fopply of 16'2 mg Difco broth/hr 
at 30 and pH 0^ Tbe food supply was stopped shortiy before taking sunfde marked 
by arrows. 


OMllI 
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Fig 3 Growth curves for Bad colt on a constant food supply of 15 2 mg Difco broth/hr 
at 20° and pH 6 0 The food supply was stopped shortly before taking sample marked 
by arrows 



1 1 " 4 Growth curves for Bad coh on a constant food supply of 15 2 mg Difco broth/hr 
at 20° and pH 0 0 The food suppU was stopped shortlj before taking sample marked 
arrows 



Growth o/Bact coli mth constant food snpply 
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The tmital phate 

It IS highly probable that food which was being added continiially at first 
accumulated because the 800-400 ccUs/ml of the moculum were unable to use 
it as foat 05 it was supplied Later this accumulation would be used more or 
less rapidly according to conditions until it was exhausted and the culture 
entirely dependent on the regular additions of food The establisliment of that 
state 13 held to mark the end of the mitial phase 



Fig 6 Growth curve* for Baet ecU on a constant food supply of 15’3 mg Dlfco broth/br 
•t 20* and pH 9-0 The food supply was stopped shortly before taking sninple marked 
by arrows 


Clearlj at both temperatures the commencement of development of the 
cultures at pH 6 was considerably delayed but when growth did start it was 
exceedingly rapid due presumably to the accumulation of a relatively large 
amount of food during the period of delay This delay was longer at 20 than 
at 80® and this was also evident at pH 6 
In Table 1 the duration of the initial phase the total and viable cell popula 
tions at its termination, and the ratio of these values for each experiment, arc 
given, together with the final cell yield in relation to the duration of the Initial 
phase 1 e- in relation to the total food added during that phase. To complete 
the picture data from the earlier experiments at pH 7 are mcluded m this 
and subsequent Tables The initial phase was longer at the lower temperature 
and the yield of cells greater both absolutely and relativ e to the phase length 
This agrees with previous findings at pH 7 (Jordan L Jacobs 1047) The dura 
tion of the imtial phase tended to he shorter at the lower pH values but the 
effect was slight and it is noteworthy that the long delay m development at 

2-* 
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pH 5 had a barely perceptible influence on the duration of the initial phase 
Also, the total and viable cell populations at the end of the phase varied but 
shghtly, being on the whole smaller at the lower pH values In consequence, 
the cell yields were, with one exception, directly proportional to the pliase 
length They depended directly on the amount of food'added during the phase, 
and variations of pH vuthin wide limits had no appreciable overall effect on 
the conversion of food mto cells The exception is the case of 20° and pH 9, 
where, despite a normal yield of total cells, that of viable cells was depressed, 
indicating a tendency for a larger proportion of the cells formed to be non- viable 
or to lose theu viability readily 


Table 1 The duration of the initial phase and the yield of cells 
under various conditions of pH and temperature 

Duration Yield of cells at end Mean rate of cell 




of 

of initial phase 

Ratio of 

formation 



initial 

(milhons/nil ) 

total to 

(milhons/ml /day) 

Temp 


phase 

X 


viable 


A 


f 


f 


ro 

pH 

(days) 

Total 

Viable 

count 

Total 

Viable 

20 

5 0 

7 

1280 

765 

1 67 

183 

109 


60 

7 

1290 

820 

1 57 

184 

117 


70 

8 

1480 

880 

1 08 

185 

110 


90 

8 

1580 

655 

2 84 

191 

82 

30 

50 

5 

750 

890 

1 98 

150 

78 


60 

46 

660 

815 

2 00 

144 

70 


70 

6 

945 

445 

2 12 

159 

74 


The constancy of the ratio of total to viable cells at a given temperature 
follows from the absence of any marked effect of pH on the cell yields But 
whereas the ratios at 80° are all close to 2 0, with a slight tendency for the 
value to fall with increasing acidity, at 20° the values (apart from the exception 
noted) are lower and have a mean of 1 64 (Table 1) Accordmg to this evidence 
the value of the ratio would appear to be characteristic of the temperature and 
independent of the pH withm certain hmits 

The steady phase 

The effect of pH on the behaviour of the cultures during the steady phase is 
clearly re\ ealed by the values of the slopes of the calculated lines of regressiori 
of total and \iable count on time (AT and AF respectively), which are given 
m Table 2 As anticipated from experiments at pH 7 previously reported, 
AT and A F u ere both larger at 20 than at 30° at pH 5 and 6 The effect of 
\ anation m pH on AT v as slight in comparison with that of temperature, but 
quite definite and clearh at both temperatures a low pH tended to enhance 
the >neld of cell substance from a given amount of food This effect was not 
apparent at the end of the initial phase, probably in part because of the 
shortness of that phase and in part because of the complicated conditions of 
food concentration then existing Above neutrality an increase in pH had 
aer\ little effect on AT, but below ncutrahtj its mcrcasc uith falling pH nas 
approximatch linear o\er the range studied The effect of pH \ anation on 
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AF was generally similar to that on AT but rather more marked and the 
alkalme reaction had a distinctly adverse influence. 

The ratio AT^AT^ ^ nature of a temperature coefDoient, and it is 

noteworthy that its magmtude is practically independent of pH, the actual 
values being 1 87, 1 80 and 1 78 at pH 6 0 and 7 respectively The ratio 
AFjt^AFjQ is lets constant, although two of the three values are \ery similar 
They are respectively 2 11 1 04 and 2-07 With incrcasmg acidity, at both 
temperatures AF was actually enhanced in relation to AT This aspect is best 


Table 2 The effect of pH on the linear relation between numbers of total and 
viable cells and time tn the steady phase and on the non viability indew 


Temp, 


GqaaUoQ of regretdon 
of total count on time 

Standard Equatkm of regression 
error of ofvioblecotmtoatlme 

Standard 
error of 

Non 

viability 

( c.) 

pH 

T-iT.+ATXi-iJ* 

AT 

I .1 +Ai(f-g* 

A> 

Indexf 

20 

6*0 

r-1280 + 14l 2(1-7) 

±627 

1 -766 + 75 3(r-7) 

±571 

0 233 


6-0 

1200 + 128-6(1-7) 

±430 

820 + 50 2(1-7) 

±1-68 

0-805 


7-0 

1480 + 118 0(i-8) 

±a 86 

880 + 6043(i--8) 

±223 

0-287 


0-0 

1630 + 115 2(1-8) 

±7-06 

055 + 80 8(1-8) 

±1 31 

08M 

30 

fi'O 

760 +76 7(1-6) 

±7 81 

390 + 35 7(1-5) 

±3 70 

0-264 


6-0 

050 + 71-4(1-4 6) 

±221 

815 + 80 7(1-4 6) 

±114 

0 385 


7-0 

045+66 8(1-6) 

±2-41 

445 + 34-4(1-0) 

±328 

0 818 


* a total ceQ count In mUUoat/mk at start of ft^sod^ phase. 

(Mtlme In day*. 

at which steady phase began 
ATanite of Increase In total coant In mlllloiis/mL/dBy 
V a viable count In raUUons/mL at start of tU^y phase 
iikV m rate of Increase In >*iable coont In mlllloti3/iiJ./dAy 
t non viability lndex«*|(l— Al /AT) 

expressed m terms of the non viability index (n va.), previously defined as the 
proportion of the cells formed m a generation which is non viable (Jordan & 
Jacobs 1044 1947) This index is obtained by calculatmg the quantity 
^1 — AF/AT) and its values arc also given m Table 2 With one irregularity 
at 20® and pH 0 the n v i fdl with diminishing pH and thus the conclusion is 
reached that for the maximum yields of cell substance and of viable cells from 
a given amount of food, a low temperature and acid conditions are most 
favourable. This was not reflected in the yields of cells at the end of the imtial 
phase, probably because the effect of acidity though definite, was rclativelj 
alight and the tune was too short for an observable effect to appear except 
at pH 9 At this alkalme reaction the n-v u had the highest value of those 
recorded m the present series of experiments 


The starvation phase 

Assessment on a simple basis of the behaviour of the cultures durmg 
starvation is difficult because the changes m turbidity and numbers of viable 
cells were not always regular nor consistently in one direction. There was a 
suggestion m some of the g^o^vth and death curves of a step wise change, but 
the general trends arc revealed if the starvation phase is treated m the same 
way as the steady phase, i e, as if regular daily mcrements or decrements had 
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occurred The behaviour of eaeh culture can then be summarized m terms of 
the slopes of the ealculated Imes of regression of ceU numbers on time (Table 8) 
As a result of ndoptmg this procedure it becomes evident from the figures that 
in all experiments except one, the apparent total cell count dropped suddenly 
immediately after the food supply was stopped This is attributed to shrinkage 
of the cells m the changed environment, and imphes that the factor for 
converting turbidities to cell numbers had altered 

Table 3 The average daily changes in total cell count (AT) and viable count (AF) 
during starvation, at various values of pH and temperature 


Temp 


AT 

AV 

ro 

pH 

(milbons/ml /day) 

(millions/ml /day) 

20* 

5 0 

-179±109 

+ 21+22 


C 0 

-22 6+ 8 4 

-11 2±2 6 


90 

-40 2 + 35 

-40 3 + 40 

30 

SO 

+ 21 2+6 1 

+ 43±01 


0 0 

-18 3± 1 8 

-888±1 9 


7 0 

-81 5 ± 8 6 

-22 8±3 5 


Apart from the case of 30° and pH 5, the apparent total cell coimt decreased 
during starvation, presumably as a result of autolytic processes leadmg to loss 
of opacity and disappearance of cells These changes evidently became less 
rapid as acidity increased, and at the higher temperature The latter findmg 
agrees with results obtained at pH 7 Higher temperature may favour cell 
persistence by enhancing food storage by the cells, smce from a given amount 
of food fewer cells are formed as the temperature is raised The case of 80° and 
pH 5, where the total count continued to rise durmg starvation, is not really 
exceptional, smce it accords with the general hypothesis that autolysis is 
reduced by acidity and higher temperature, but it would seem that consider- 
able food storage must have occurred during the preceding phases to provide 
for the contmued growth This growth was balanced by death, smce the viable 
count remained virtually constant, as it also did at 20°, pH 5 At pH 6, at 
both temperatures, the viable cell numbers contmued to rise for a short time 
after the food vas stopped, before a dechne commenced In these cases, 
therefore, the \ alues of A V in Table 3 refer to the period following the rise 
It appears that whereas the rate of fall was slow at 20°, a marked decline 
occurred at 30°, a result m accordance wuth that previously obtained at pH 7 
At the only alkalme reaction emploj ed the rate of dechne was the highest of 
all The picture is, on the whole, consistent, and it appears that the cells of 
these star\ cd cultures sur\ ived best under acid conditions 

DISCUSSION 

hen the optimum pH and the limits of reaction for the grow th of a bacterium 
are determined b\ the usual method, the presence of growth and its amount 
arc judged b\ the degree of turbidiU dc\ eloped, so that total and not viable 
grow th IS the criterion b\ w Inch the effect of pH is measured Three factors 
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are concerned m the gro^vtU of the cultures namely, the duration of the lag 
pliase the rate of growth m the logarithmic phase, and the maximum popula 
tion which the medium can support. Ordinarily no differentiation is made 
between these factors, but it would obviously be pioasible to determine the 
effect of changes m pH on all of them and to establish on optimum for each. 
These need not be identical 

Hinshelwood and his colleagues have established that the effect of pH on the 
growth of Bad ladis acrogenu is exerted wholly on the level of the maximum 
population, there being no influence at all on the lag phase or the rate of 
growth (Hinshelwood, 1940) This result if generally true, might lead to 
a deflmtion of optimum pH as the value conduemg to the maximum total cell 
population that a given medium con supporL The growth curves of BacL coli 
cultures supplied with food at a constant rate ore, as shown above, very 
different from those grown under normal conditions of excess initial food 
supply For instance, there is no evidence of the existence of a maximum 
population, and under both acid and alkahne conditioiis growth contmued 
unchecked os long os food was supplied The same was true of the viable cell 
numbers and for these cultures the deflmtion of optimum pH based on 
a maximum cell population is ob\nously meaningless Constant growth rates 
expressed m terms of the rates of increase m total and viable cells did 
however exist and they rose os pH was reduced Actually the maximum rates 
may not have been reached even at pH 5 the lowest value tested but it seems 
probable that on optimum pH could be defined for these cultures as the value 
at which these rates were lughest 

Cultures grown in the normal way with an mitial excess of food may react 
to pH differently from those developing on a restricted but regular food supply 
Shimwell (lOfifi) working with LactobaetUus paitonanuf used acid production 
as the measure of growth- This probabl> depends on total rather than viable 
cell numbers and this author also found that the growth rate was mdependent 
of pH. However he was able to show that the lag phase increased as the pH 
was reduced The results of the experiments described above suggest, although 
do not prove that the lag phase of BacL colt was increased at pH 6 Evidently 
the effect of pH on bacterial cultures is no simple one exerted Invariably on 
a single phase of growth but may vary from organism to organism and also 
With the method of cultivation 

It is clear that acidity at least down to pH 6 increasingly favoured the 
growth of BacL coh imder these conditions of constant food supply and also 
led to a greater viability among the cells formed This behaviour Is m stnkmg 
contrast to the sensitivity to acidity of many of the enzymes of BacL coh as 
demonstrated by Gale A Epps (1042) These authors also showed that BacL coh 
would grow in a casern digest between pH 4 5 and 0 and responded to changes 
in the external pH by alterations in the enzyme content of the cells such that 
the external changes were counteracted and certam essential activities main 
tamed at a constant level No doubt the cells of cultures with constant food 
supply when gr own under acid or alkalme conditions also responded m this 
manner but it would be expected that towards the limits of the pH range 
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the cells would be functioning with a somewhat reduced efficiency Actually, 
near the lower limit of the range the cells were functionmg more efficiently 
than at higher pH values, and this suggests that some other factor, as yet 
undiscovered, was predommant The mcreased efficiency was shown not only 
in the higher growth rate and viabihty, but also apparently in the storage of 
reserve food, by virtue of which cell multiphcation was able to continue for 
a considerable tune after cessation of the food supply 

Previous results (Jordan & Jacobs, 1947) had shoivn that at pH 7 the ratio 
of total to viable cells at the close of the mitial phase approximated to the 
value of 2 0 over a wide range of temperature In the work reported above this 
ratio was also close to 2 0 at pH 6 and 5 when the temperature v as 80° 
However, at 20° the ratio at these pH values was lower (about 1 7), whereas 
at pH 9 it was lugher (2 8) In the earlier work a value of 1 68 was obtained 
at 20° and pH 7 and was then regarded as a chance variation from the true 
value of 2 0, but smce other similar values have now been obtained at that 
temperature under more acid conditions, and a value higher than 2 0 at an 
alkaline reaction, it is now considered that the value of 2 0 may be more 
susceptible to change with alteration of environmental conditions than was 
formerly thought to be the case 
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The Relation of Pantothenic Acid to Acetylcholine Forma- 
tion by a Strain of Lactobacillus plantarum 

By ELIZABETH ROWATT 

Department* qJ Baeteriologij and Phutiology Vnivertity of Edinburgh 

SUIIMARY PantoUrtiilo add waa essential for the growth of a strain of Laeio 
baeiUutpUaitarwn It Increased ocetykhoUne formation during growth and In washed 
suspensions of pantotbenate'defldent organisms Added pantothenic add did not 
affect the glucose utUhatlon or lactic add formation by the pantothenate^efident 
organism In washed suspension. 

The co-enzyme concerned m acetylation of choline m brain and of sulphanO 
amide m liver has been shown to contain pantothenic acid (Lipraann, Kaplam 
Novelli^ Tuttle L Guirard 1947) At the suggestion of Dr Lipmann, panto- 
thenic acid was tested as a factor m the synthesis of acetylcholine by a stram 
of tioctobacillua plantarunu It proved to be essential both for acetylcholine 
formation and for growth (Stephenson & Rowatt, 1947) This paper contains 
a more detailed examination of the phenomenon 

Method* 

The strain, provisionally identiAed os L planiarum, was that described by 
Stephenson i, Rowatt (1947) and it was maintamed on media containing 1 % 
peptone instead of the tryptic digest of casern previously used. For wash(^ 
suspensions cells were grown on Stephenson Sc Rowatt s medium 5 biotm 
bemg omitted as this liad proved to have very httle effect on growth. Panto 
thenate was not added 

Growth experiments were earned out m test tubes each containing 10 mL 
of the above medium with the mclusion of oholine at a final concentration of 
600 pg /ml Calcium pantothenate, /5-Blamne, glucose, sodium acetate and 
cystem were sterilized by filtration Pantolc lactone tmdly supplied by 
Dr F Bcrgel of Roche Products Ltd , was sterilized and hydrolyzed by 
autoclaving m 0 1 n NaOH. When dcficieDcies other than that of pantothenate 
were mvesbgated the casern used was an acid hydrolysate of vitamin free 
supplied by Ashe Laboratories The folic acid used was a concentrate 
supphed by Prof F C Happold. For the effect of this substance on growth 
synthetic pteroylglutamic acid was substituted All cultures were incubated 
at 26® for 48 hr unless otherwise stated. 

Resting cells were resuspended m medium 6 of Stephenson Sc Rowatt (1047) 
Acetate was added and the glucose concentration used was 100 mg /ml 
Calcmm pantothenate and other compounds were added as stated The 
suspensions were incubated at 25® for 8 or 4 hr 

Turbidity of suspensions and acetylcholine were estimated as previously 
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described (Stephenson & Rowatt, 1947) Glucose was estimated by the method 
of IVLller & van Slyke (1936) and lactic acid, after treatment with copper- 
lime, by the method of Fnedemann & Graeser (1988) 

Effect of ‘pantothenic acid on growth 

Cultures incubated for 24 hr m a medium free from pantothenate showed no 
^^slble grondh A faint turbidity was apparent after 48 hr , but this did not 
increase on further mcubation In a medium containing pantothenate, growth 
was visible m 24 lir and was almost complete after 48 hr , maximal growth 
was obtamed with 0 02 fig /ml calcium pantothenate (Fig 1) 

Pantoic lactone or /3-alanme (0 1 fig /ml ) did not increase growth on the 
pantothenate-deficient medium K both were added together, growth was 
slightly greater at levels equivalent to 0 02, but not 0 01 fig /ml calcium 
pantothenate (Table 1) 


Table 1 Substitution of ff alanine and pantoic lactone for pantothenic 
acid in media for growth of Lactobacillus plantarum 


Calcium pantothenate added (fig /ml 
of medium) 

— 

0 1 

— 

— 

— 

— 

— 

alanme added (fig /ml of medium) 

— 

— 

0 1 

— 

0 004 

0 008 

0 1 

Pantoic lactone added (fig /ml of 
medium) 

— 

— 

— 

0 1 

0 006 

0 012 

0 1 

Drj’ weight of cells produced (mg /ml 
of medium) 

0 027 

0 222 

0 028 

0 027 

0 080 

0 058 

0 067 

Acetylcholine formed (fig /ml of 
medium) 

044 

48 

0 36 

084 

0 84 

048 

0 60 


Effect of pantothenic acid on acetylcholine production during growth 

An mcrease in level of pantothenate m the growth medium caused an increase 
in the acetylcholine formed, whether this was calculated per umt volume of 
the medium or per umt dry weight of cells produced (Figs 2, 3) Acetylcholine 
formation continued slowly for some days at pantothenate concentrations 
above 0 005 fig /ml , but at this level the acetylcholme content remained low 
In the pantothenate-free medium, turbidity readmgs and acetylcholme values 
tended to be unreliable This was especially so m the case of acetylcholme for 
vluch the Aalues (per mg cells) were very high, probably on account of 
substances present in the medium which mcreased the acetylcholme contrac- 
tion of the rectus when present above a certam hmmal concentration At 
higher titres of acetylcholme, a smaller volume of medium was necessary for 
assa\ , and the hmmal concentration of these substances was not reached 
Pantoic lactone and )5-alanme added separately agam did not replace panto- 
thenic acid and together ga^ e only a small effect (Table 1) 

Each of the grovth factors present m the medium was omitted in turn 
Nicotinamide vas the only substance stimulatmg groivth and, with it, 
ncet\ lation of choline Acetj Icholine formation per mg of cells was imaffectcd 
(Tabic 2(a)) ji-Aminobenzoic acid and folic acid vere treated together, both 
being left out of the medium and the effect of one m the absence of the other 
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Fig 1 Tbe effect of pentotheolo add on groirUi of L, planiojum oTter incubation at 25 

for24hr # • 48 hr O O 73hTB Hj 120hr □ □ Orowth U not 

visible at 24 Ur in absence of pantothenate and cannot be measured turbidimetrleaUj' 



Fig 2- The effect of pantothenic add on acetyJchollDe formation per mL of medium In grorrth 
of L. pZanfamni after Incubation for 24 hr 48 hr Q — — O 72 hr | B 

120 hr a □ 



Acetylcholine formed, /ig /ml medium 


Elizabeth Rowatt 


Calcium pantothenate added {fig /ml growth medium) 


Fig 3 The effect of pantothenic acid on acetylcholine formation per mg cells m growth of 

L planlarum after incubation for 24 hr • •, 48 hr O O, 72 hr ■ ■, 

120 hr □ □ 


0 02 0 04 0 06 0 08 0 10 


Calcium pantothenate added (/<g /ml suspension medium) 


Fi'’ 4 The effect of pantothemc acid on acetjlchohne formation by pantothenate deficient 
cells of L plantanm m washed suspension The curve is produced back through the 
ongm to cut the base, and by this means the total quantity of pantothenate m the 
medium is found 
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determined No effect was observed on growth^ but each seemed to affect 
ncetylchobne formation (Table 2 (b)) Woods & Nimmo Smith (1047) have found 
j^aminobenioic acid to be a factor m the gro^vth of this strain, suggesting that 
this substance was present m our medium The effect of traces of growth factor 
earned over m inocula was not elimmatcd by serial subculture on the deficient 
media. 

Table 2 Effect of nxcolinamxde p-orntnobenzotc acid andfolte acid 
on grow t h and acciylcholine formation ^Lactobacillus plantamm 

(a) 


Nkotlnomlde added (|ig /raL of medlom) 

0 

2 



Dry weight of eolli produced (mg /mL of medium) 

(hiss 

0-200 



Ae^lchollne formed (pg /mg celb) 

w 

Pteroylglotamlc add added {jig /mL of medium) 

£5-9 

28 1 



0 

0-01 

0 

0-01 

p^Amloobenaoic add added (fig /mL of medium) 

0 

0 

0-1 

0-1 

Dry wel^t of cells produced (mg /ml of medium) 

0-885 

0 840 

0840 

0-885 

Acetylcholine formed {pg (tag cells) 

248 

824 

40 

41 


Effect of panioihenaie on acdylchoUne formation by pantothenate 
deficient ceUs *n wathed eusj>ension 

The crop from a litre of medium deficient m pantothenate was very small, 
of the order of 10-20 mg /I This contamed very htUe acetylcholine initially 
and mcubation m medium 0 for 4 hr caused an mcrease of as much as twice 
theongmal With added pantothenate a 6-fi-fold increase was obtamedL Under 
these conditions, the eniyrae system became saturated with pantothenate by 
the addition of 0 04 pg /ml calcium pantothenate to the suspension (Fig 4) 
The dry weight of the cells was 0 58 mg /ml From the curve shown m Fig 4 
it Is seen that the concentration of calcium pantothenate giving 50 % saturation 
of the cnxyrae system is c, 0 014 pg /ml 

Addition of pantothenate to washed suspensions of cells g ro wn in an optimal 
concentration of pantothenate did not mcrease acetvicholme formation 
P Alanine and pantoic lactone added at a level equivalent to 0^1 mg /ml 
calcium pantothenate did not increase acctylcholme formation by panto- 
thcnatc-deficient cells m washed suspension 

Although the addition of pantothenate to deficient suspensions mcreases 
acetylcholme formation, it had no effect on glucose utilization or lactic acid 
formation For example, the glucose concentration of the suspendmg medium 
was reduced to 1 5 mg /ml , and the suspension contammg 0 G0 mg /ml cells, 
was incubated for 8 hr Acetylcholme ^ucoee and laebe acid were esbmated 
before and after meubabon. In absence of added pantothenate, utilizabon of 
510 ftg glucose gave nse to 894 ^ lactic acid while OKIS ^ acetylcholme was 
formed. When pantothenate was added 400 pg glucose was fermented to give 
802 ^ig locbc acid with the formabon of 1 6 ^ acetylcholme. The percentage 
of laebe acid formed from glucose by normal suspensions of this organism is 
of the same order (Stephenson & Rowatt 1047) ^ , 
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The Serology of Pseudomonas pyocyanea 

\ 

B-i ANNA JtAYn HARTING 

Department of Preventive Aledtctne XJmvertUy of Brigiol 

SUMMARY: Three main anllgens were found to be variouily distributed amongst 
strains of P$exidomona$ pyocyanea The serological behaviour of the strains studied 
depended on the presence and quantity of these antigens. It was not possible to 
distinguish between flagellar and somatic antigens^ but those found ■iTere probably 
somatic. 

Amongst the pecuUaritle* of serological behaviour of bacteria in this species the 
most striking was a complete loss of agglutinablUty on moderate heating which left 
the antigenic activity unimpaired 

The dassiflcatton of the genus Paeudomonas is like most bacteriological 
classifications one of contradictions The species Ps pyocyanea is not clearly 
delimited and most observers have found strains which though most con 
vemently placed in that species had one or more atypical characteristics 
Within the species classification has been attempted but \Tithout conspicuous 
success Ge^rd (1919 1920) who mode the first e^^tensivc study of the 
orgamam based his classification entirely on pigment production On this basis 
he not only determined whether a strain should be included m the species but 
divided it into three vanehca each again subdivided into four races The 
validity of thisclassification depends on the assumption that pigment production 
is a constant property of strains and ordinary laboratory experience does not 
support that assumption. 

Aoki (1926) attempted a classification on the basis of cultural and sero- 
logical characteristics He found great variations In the association of different 
cultural characteristics and treated Rs pyocyanea Pi JlucrescmeandPi putida 
os one species, since a large number of strains could not be placed definitely 
m one or the other of these three previously desenbed species He found 
22 serological types among CO strains and here sgom a clear division into 
three species was not possible From his tables, however it appears that each 
serological group contained only such stroms a* did not differ m pigment 
production. Sandiford (1987) tested CO strains and also concluded that no 
cultural or serological distinction between Ps pyocyanea and Ps fiaoreecena 
was possible. Trommsdorff (1910) similarly mvcstigated organisms of all three 
species and found that the results of cultural and serological classification did 
not comcide- By agglutination he could divide 25 out of 27 pyocyanea strains 
into three groups He obtamed cross agglutination reactions between the 
three species but concluded on the basis of absorption experiments that the 
three species were not ontigemcally idenbcaL 

Knowledge of bactenal dissociation has had few repercussions m the 
Peeudomonae group, and it is still doubtful whether an iS -*■ J? variation occurs 
Recently Gaby (1946) desenbed three basic colonj variants that were present 
in each of 12 strains of Pa pyocyanea. These variants were not stable each 
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giving rise on subculture to the other vanants In 10 of the 12 strains the 
three vanants were serologically different, and the analogous vanants of 
vanous strains serologically identical The remaining two were not aggluti- 
nated by any of Gaby’s type sera It is probable, therefore, that Gaby 
investigated the variants of one serological group only The serological dif- 
ferences between the vanants Gaby assumes to be due to differences in 
flagellar antigens, whereas the somatic antigens are identical This conclusion 
IS based on the agglutmation results with formalm- and ethanol-treated 
suspensions From his tables it is apparent that the differences between the 
agglutination of formahn-treated suspensions of the three vanants are clear- 
cut and his conclusions as to the identity of the corresponding vanants m all 
strains tested are justified The agglutination titres with ethanol-treated 
suspensions are more or less uniformly low 
Brutsaert (1924) mvestigated the serological relationships between 0 and 
H antigens m this group, usmg mainly one strain, on hues similar to those 
followed generally m workmg with H and O antigens m the Salmonella group 
His ‘complete H and O antigens’ was a suspension heated 1 hr at 56°, and 
his O antigen a suspension boiled for 2 hr Antisera prepared with the first 
suspension agglutmated only ‘H-f-O’ suspensions, the serum prepared with 
the boiled suspension agglutmated both kinds of suspension, as did also a serum 
prepared with a boiled O-vanant of another pi/oct/oneo stram 


Expenmental 

Strains growing m blue-green colonies with iridescent spots, and matt yellow 
strains, thus widely different m their cultural characteristics, were selected on 
the assumption they would differ also m antigenic structure The first two sera 
were accordingly prepared agamst a blue iridescent and a matt yellow stram 
respectively The sera, however, gave strong cross-reactions, and agglutmated 
60 strains of Ps pyocyanea to approximately the same titre With cross- 
absorption tests only mmor differences m the antigemc structure of the two 
strams were found Other sera were prepared with strains not agglutmated by 
these sera, until finally five sera were available, one of them, no IV, being 
prepared agamst a non-motile stram for serological analysis of the organism 

All these sera were prepared by injecting rabbits 5-6 times at weekly 
intervals with suspensions heated for J hr at 60°, the doses rising from 20 to 
1000 million orgamsms The strams tested were from different sources, most of 
them from human material like pus (from various sites), sputum, faeces, cervix 
uteri, and cerebrospinal fluid, very few came from water Those wluch did not 
grow at 37° were excluded on the grounds that they were unlikely to be true 
Ps pyocyanea The agglutinations were earned out vith the unheated hvmg 
suspensions, first at 37° for 2-4 hr , then at room temperature overmght The 
agglutination vas 0 m tj^pe 

In Table 1 the patterns of agglutination and the number of strains produemg 
them arc set out It would appear that there are three mam antigens, A, B 
and C, for vhich the corresponding antibodies are contamed m sera II, IV 
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and V respectively and that all the possible patterns of agglutination depend, 
generally speaking on the presence or absen<» or else the difference in quantity 
of these three antigens* The fl4 strains may be grouped as follows 


lilainly A antigen 
, A+B 
„ B 

>. c 

„ B + C „ 

Small amounts of one or the other antigen 
Not agglutinated 


28 strains 

8 M 

4 

5 . 

1 

6 , 

2 , 


It IS possible that the five strains which a^lutinate only to low tltrc with 
sera I and IV have another mam antigen m common, which may be present 
also m those two B ttrams which agglutinated to a low tatre with serum I 


Table 1 Serological relaiions of 84 strains o/Pseudomonas pyocyanea 
SttspcQilonB of UvliiQ 

OTganlcms tevted Sem ood predominating antnx>dy 


Predomlaant 

No of 

I 

n 

in 

IV 

V 

MTologk»l type 

ftmtof 

A 

A 

A4-B 

B 

c 




Observed ogglotlnatlon 


A 

8 

+ + + 

4- + + 

+ 4* + 

- 

- 


8 

+ + + 

4* + 4* 

+ 4*4- 

± 

— 


16 

+ + + 

+ + 4- 

4-4'4- 

+ 

— 


1 

+ + + 

+ + + 

+ 4-4* 

— 

+ 


1 

+ + + 

+ + 4- 

+ 4-4- 

± 

+ 

A and B 

6 

+ + + 

+ + + 

+ 4-4- 

+ + + 



9 

+ + + 

4- + 

+ 4-4- 

+ + + 

± 

C 

6 

+ 

- 

- 

+ 

+ + + 

B 

9 

+ 

— 

+ 

+ + + 

— 


3 

— 

— 

+ + 

+ + + 

± 

B and C 

1 

- 

- 

+ 

+ + + 

+ + + 

Mlscelloneoui 

1 

+ 

± 

± 

— 

— 


1 

+ 

— 

— 

± 

— 


2 

+ 

— 

— 

+ 

— 


1 

+ 

— 

— 

± 

± 


1 

± 

— 

— 

+ 

+ 


S 

— 

— 

— 

— 

± 


± =partifll agglutinatioo to 1^60* 

+ + + and + + 4- ■■compl^ or obnott complete agsltitlnation to 1/100 1/040 and 
1/1380 or roope, reapectlTely 

Numerous absorption experiments were corned out between the groups A* 
A + B and B They did not bring any new facts to light, but confirmed only the 
conclusions drawn on the basis pf direct agglutmatioiis Serum III contains 
predommontly A antibodies and only a small quantity of B-antibodies, the 
strain, however with which it was prepared was agglutinated to titre by on 
onti B serum and absorption of serum III with an A strain left the B ogglu 
timna unaffected. Some absorption experiments earned out within group A 
and withm group B showed that withm the group the strains were not com 
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pletely identical, minor differences were present Each group contamed blue 
as well as yellow strains exceptmg group B m which all were yellow Of the 
54 strains three were non-motile, two m group B, and one, a blue strain, 
contamed only small amounts of all three antigens 

In the above analysis there is no distmction of somatic and flagellar antigens 
By analogy with the heat-labile flagellar antigens of the Salmonella and 
Proteus genera, antisera were prepared against bacterial suspensions heated 
m a boilmg water bath for 2 hr The strains were the same as those used to 
prepare sera I and II, namely P8 and 1602 Agglutination tests were made 
with livmg suspensions 

The antiserum to boiled P8 had lower titres throughout as compared with 
those of corresponding serum I, with some strams the drop was considerably 
greater than with others The titres with the antiserum to boiled 1602 were 
identical with those of the coirespondmg serum 11 The results of these expen- 
ments suggest that there is no more than a quantitative difference between the 
antisera obtamed with the two differently treated suspensions 

An attempt to make a serum rich m flagellar antibodies was made by the 
method of Gohar (1982) for the preparation of Vilmo cholerae H antisera 
A bactenal suspension of stram ‘Molyneux’ was shaken to tear the flagella 
off and centrifuged at moderate speed The supernatant flmd, supposed rich 
m flagella, was then added to a bactenal suspension contaimng the full antigen, 
and the mixture used for immunization A very high titre was obtamed, but 
this serum again showed much the same range as the correspondmg serum III 
The appearance of the agglutination was defimtely of the granular 0 type m 
both sera Both serum HI and the correspondmg III flagellar serum were 
absorbed with suspensions of normal orgamsms, of ethanol-treated organisms 
or of organisms grown on phenol agar But the results were never quite clear- 
cut enough to warrant drawmg defimte conclusions 

Ha\Tng thus failed to obtam any conclusive evidence for the presence of 
distinct 0 and H antigens by this method, sera prepared against the whole 
untreated orgamsm were tested against bactenal suspensions treated so as to 
sen'e as indicators for H and O agglutmins 

The usual procedure vas adopted of treatmg bacterial suspensions with 
formalm for the preservation of H antigens m bactenal suspensions, and either 
with ethanol or heat at 100° to obtam O suspensions Sixteen strams were 
chosen, three prcdommantly A, seven predommantlyA-l-B, twopredommantly 
B, one C, one B-fC and two strams which did not show any appreciable 
agglutination with any of the tj’pe sera, but which might manifest masked 
antigens as a result of the treatment Sera I, II, III, IV, V and III flagellar 
were tested (Table 2) 

The agglutinations with the formalin-treated suspensions were straight 
fomard enough In serum II, the purest A-serum available, the formahmzed 
A strams vere agglutinated to titre, but the A-fB strams had lost a good deal 
of their aggiutinabihtj In serum I, also an A-serum, only two of the three 
A strams were clearly agglutinated The third, and the A-f-B strams, showed 
an appreciable loss of agglutmabilitj Serum HI and serum HI flagellar 
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agglutinated the A+B strains, B + C strain and one of the B strains, the other 
B strain showed only traces of agglutination by serum HI, but a clear-cut 
reaction with serum HI flagellar, the agglutmation of formalimzed A strains 
was markedly dimmished The B serum and C serum agglutmated the forma- 
Imized suspensions to the same range and titre as the living suspensions 

The agglutination of formahmzed suspensions only confirmed the groupmg 
amved at by the agglutmation reactions with hvmg organisms Antigen A 
was afi'ected by the formahn treatment to a considerable degree By analogy 
with the Salmonellae, the B antigen, the mam somatic antigen of two non- 
motile strains, should have been affected at least to the same degree 

The agglutmahon of formalmized flagellated organisms by a serum bke IV 
which contains probably only antibodies against somatic antigens would not 
occur m pentnchously flagellated organisms bke those of the SahnoneUa group 
That such an agglutination takes place with formalmized Ps pyocymea 
strains suggests that the antigemc modification by formahn of organisms with 
one termmal flagellum is not analogous with that of the Salmondlae 

In the preparation of ethanol suspensions it was found that suspensions 
kept m 80% (v/v) ethanol-water lost their agglutmabihty withm 2 days 
Suspensions were therefore prepared by holding the bacteria m absolute ethanol 
at 45° for 1 hr , at room temperature for 2 hr , then centnfugmg and resus- 
pendmg them m sahne Various attempts were made to grow the organisms for 
these suspensions on phenol agar to dimmish flagellation, but even very small 
amounts of phenol decreased the yield largely and the concentration of phenol 
finally adopted, 1 2000, afi'ected neither the growth nor the motihty of the 
bacteria 

Agglutmations with ethanol-treated suspensions gave very much the same 
result as those with formalmized suspensions The titre was lowered, and a 
few strains had lost then agglutmabihty altogether For mstance, the stram 
used to prepare serum 11 was not agglutmated by its own serum though 
stram I still was One of the B strains was similarly magglutmable Stram 
2433, an A + B stram, also lost its agglutmabihty after ethanol treatment^ 
whereas in formalmized suspension it was agglutmated to titre by serum IV, 
prepared with a non-motile B strain. As already mentioned, the formalmized 
suspensions of all A+B strains were agglutmated to titre by an anti-B serum, 
though from an orthodox viewpomt one might expect only the flagella in these 
formalmized suspensions to be reactive and no antibodies for them to be 
present m the B serum Serum V, a pure C serum, while agglutinating the C 
strain and the B + C strain m formahmzed suspensions, did not affect the 
ethanol-treated suspensions Serum III, prepared with an A+B stram, 
agglutmated the ethanol suspensions of one strain B, and the B + C strain to 
titre, but its agglutmation with A + B strains was much reduced The A antigen, 
winch had seemed to suffer most from formalin treatment, showed a still 
hcaner loss m ethanol suspensions There was not one instance m vhich the 
ethanol treatment had preserved an aggluhnabihty which the formalin had 
destrov cd 

Tests ivith heated suspensions were made, but had to be abandoned in view 
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of the discovery that suspensions of Ps pyocyanea lost their agglutinabihty 
completely after heatmg This loss occurred m suspensions heated 2 hr in 
a boiling Tvater bath, but was just as complete m suspensions heated for ^ hr 
at 60® and was quite marked m suspensions heated for ^ hr at 58® This is the 
more remarkable smcc all the sera had been prepared with suspensions heated 
at 00® for half an hour This is to say, with suspensions not themselves 
agglutinablc it had been possible to produce sera of very high titre 


DISCUSSION 

The experimental results described provide evidence for the existence m the 
species Pa pyocyanea of three or possibly four mam antigens These antigens 
occur alone or m vanous combmations It has not been possible to assign these 
antigens to definite parts of the bacterial surface, body or fiagella The reason 
for this failure is probably as follows Of the usual methods for preparing 0 
agglutinated suspensions heating must be excluded as it makes the organisms 
inagglutmable, though they are still antigemc A somewhat similar pheno- 
menon has been described by Bawden A lOeczkowski (1041 1042) who found 
that certain antigens when heated m the presence of other protems could 
no longer be preapitated by anti serum though they were itiU antigemc if 
heated alone, however they retamed their reactivity The pyocyanea suspen 
sions had been heated m pure salt solution but it is possible that internal 
rearrangements m the chemically complex bacterial body produced combi na 
tions of antigemc and non antigemc components such as Bawden A Klecz- 
kowski obtamed by adding other proteins to their specific antigens This 
phenomenon is being mvcstigated further 

The ethanol treatment of organisms of this group appears to result m an 
impairment of the agglutinabihty greater m degree than that caused by 
formalin treatment, but not differing from it m the distribution amongst 
various strains so as to allow distinguishing between flagellar and somatio 
antigens Some ethanol treated suspensions were no longer agglutinated even 
by the homologous antiserum and some ethanol treated suspensions of 
strains containing B antigen were no longer agglutinated by serum IV which, 
being prepared with a non flagellated strain probably contains mainly somatic 
antibodies In formalinized suspensions, on the other hand the flagellated 
organisms containing antigen B were still agglutmated to titrc by an 0-«crara 
against B this is to say they behave Uke formalinized non flagellated 
organisms. 

The formalimzation of a non flagellated organism of any kmd does not 
reduce its O agglutinabihty It is only m flagellated organisms that the 
fonnalm fixed flagella prevent access of antibodies to the surface of the 
bacterial body This is understandable with organisms that are pentnchously 
flagellated. But it will not necessarily follow for an organism with mono- 
trichate flagellation. Gaby seems to have been the first to test formalinized 
end ethanol treated suspensions of monotnehate organisms and to assume that 
the results so obtamed had the same significance as In Proicus and SaimoneUa 
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Balteanu (1926), who analysed the antigenic structure of the cholera vibno, 
used only the thermolabihty of the H and thermostabihty of the O antigen 
to distinguish between the two, and so did Brutsaert in his attempt to 
distinguish H and O antigens m Ps pyocyanea Gaby’s absorption experiments 
with formahnized cells are beautifully clear-cut, and there is no doubt that he 
has revealed defimte serological differences between the variant types The 
variants clearly have one antigen m common which he assumes to be somatic, 
and differ m another antigen which he assumes to be flagella But m the hght 
of the demonstration here that agglutmabihty may be markedly diminished 
by a short ethanol treatment, further details of his ethanol treatment of cell 
suspensions are needed Furthermore, one would hesitate to assume that the 
somatic antigen is mvanably preserved and the flagellar antigen destroyed by 
ethanol treatment 

With regard to the preparation of agglutmating antisera all attempts to 
prepare antisera with distmct O and H antibodies for organisms of this group 
have faded Brutsaert showed that a serum prepared with an orgamsm 
heated at 56° agglutinates such a heated suspension, but not one held for 
2 lir at 100° So far this would correspond with the present experience that 
a heated suspension becomes inagglutmable,' but his report of agglutmation 
of both suspensions by a serum prepared with boiled orgamsms is wholly at 
vanance with my results, unless he was dealmg with an exceptional strain 

The use of bacteriophages for exploring antigemc structure promises well m 
this group Prehmmary expenments show that two phages, isolated by usmg 
an A stram and a B stram respectively as mdicators, almost completely 
corresponded with the serological grouping m their attack on the various 
strains The A strains were attacked by the A phage, the B strains by the 
B phage, the A-l-B strams by both, the C strams were attacked only by the 
A phage, the B -t C stram agam by both phages As a rule phage susceptibihty 
depends on somatic antigens, though Sertic & Boulgakov (1986) have described 
a typhoid phage whose action depends on the presence of a particular flagellar 
antigen 

My phage experiments strongly support the groupmg arrived at by sero- 
logical methods, and while they do not prove conclusively that aU the antigens 
established m the above expenments are somatic antigens, they make it very 
probable 

The H antigens may be undetectable because they are small m kmount 
compared with the somatic antigens or, more likely, because the type of 
flagellation and other pecuhanties of the species make the methods used 
generally for the detection of H antigens entirely inadequate m Ps pyocyanea 
It is also possible that the flagellar antigen is not different from the somatic 
one, and that m antigemc structure the flagellum constitutes ]ust a part of the 
surface of the bacterial body This has not been demonstrated in any other 
micro-organism, but is not improbable In this connexion Pijper’s (1946) 
contention that the bacterial structures hitherto regarded as flagella are only 
deformations of the slimy surface laj er of bacteria is clearly relevant 
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The Biological Assay of Streptomycin by a Modified 
Cylinder Plate Method 

By K. a BROWNLEE, C S DELVES, M DORMAN, C A GREEN, 

E. GRENFELL, J D A JOHNSON anb N. SMITH 

The Research Department of The DisttUers Company Limited, Great Burgh, 

Epsom, Surrey 

SUMMARY The use of plate glass sheets carrying twenty-four cyhnders in place of 
Petn dishes for the biological assay of streptomycin by the cyhnder-plate method 
imtially led to large assay errors The substitution of cavities for cyhnders, of a smgle 
layer of agar for two layers, one sterile and one moculated, of the four-pomt assay 
design for ‘reading off the curve’, and of an optical projection method of measure- 
ment diminished the fiducial limits of error of an assay to 80-125 % (P = 0 95) 

Over the range of concentrations 0 1-100 0 imits streptomycm/ml the deviations 
from linearity of the graph of zone diameter agamst the logarithm of the concentration 
were very small 

Variations m tluckness of the agar layer and in the mtensity of moculation had 
a marked effect on zone diameter 

An 8x8 Latin square lay-out reduced the mtemal error of an assay to 91-110 % 
(P = 0 95), and with this increased accuracy a bias m the results was revealed arising 
from the tune mterval between filhng successive cavities on the plate This time effect 
vas ehmmated by the adoption of an appropnate order of filhng, with a quasi-Latm 
square laj -out The form of the assay finally adopted had fiducial limits of error, 
estimated both mtemally and externally, of about 95-105 % (P = 0 96) 

Durmg the 1989-45 War it became mcreasingly difficult to procure adequate 
supplies of Petri dishes for the assay of pemciUm on the well-known cyhnder 
plate, and attempts were therefore made to use plate-glass sheets earned on 
wooden or alumimum frames as substitutes for the dishes These attempts 
proved quite successful for plant control 

Wider variations than those permissible for research purposes, obtamed 
when these frames were used for the biological assay of streptomycm, necessi- 
tated a closer exammation of the factors which might influence the accuracy of 
the result This paper is concerned solely with certain features which were 
found to influence the assay as carried out when usmg frames 

Initial techniques 

The frames were either of hardwood or alummium, the latter bemg the more 
desirable because they do not warp Even so, it is somewhat difficult to get 
a frame w hich docs not leak slightly, and because of possible variations in the 
amount of agar left on a plate with consequent variation m the size of the zones 
of inhibition, each plate was made a self-contained assay, thus avoiding 
reference of an unknowm to a standard on another plate 

In early w ork the assaj s were made on plate-glass sheets, 82 x 14 cm , held 
in a frame whose inside measurements were 274 x 10 cm The nutrient agar 
w as approximatch 2 mm deep and supported twentj -four porcelain cyhnders 
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of the "vrell knomi type. The twenty four cylinders were arranged in three 
staggered rows of eight according to Table 1, where represents the cylinders 
carrying the standard of higher concentration (40 units/mL), those carrying 
the standard of lower concentration (4 units/mh), and and C7, represent 
cylinders carrying solutions of unknown concentration. The plates were 
sterilized by dry heat at 160® allowed to cool to about 80-90 and filled first 
with 60 inL of sterfle nutnent agar and as soon as it was set, by 60 mb of 
nutnent agar at 60® previously inoculated with Baetllus subtihs As each layer 
of agar was poured the plate was placed on a level bench covered ^vlth plate 
glass, so that a double layer of agar of umfonrf thickness resulted 

Table 1 Plate lay-out for two unknown iduitons using 
rectangular plates and *readxng off the curve* 

Sj, U, 8g Vt St, Sg D, 

Sjj St 

Vt Sg St Vi Sg D, tr, St 

The porcelain cylinders were sterilized by heating on a hot plate, picked up 
with sterile tweezers and dropped from a height of a few mm on to the agar m 
the desired positions The cylinders were then filled with the vanous solutions, 
the following precaaboos being taken 
(a) One person flfled the cylinders on a given plate. 

{b) The same filler (of the fountam pen filler type) was used for all solutions 
(e) The same number of drops was used m each case. 

(d) As far as possible the tip of the filler was held at the same height above 
the cylmders to prevent the drop from touching the cylmders before becoming 
detached and to avoid the formation of air bells and the filler was held at 
the same angle (nearly vertical) 

The potencies of the unknown solutions were estimated m the usual manner 
by reading off the curve Such precautions amongst others axe commonly 
believed to lead to good assay results but a check on the method all operators 
being aware that it was being made, showed that twenty assays on the same 
sample could give results as widely discrepant as 5 8 and 19 6 umts/mL 


Modxficaiions tn technique 

(a) The use of cavtixes tn place of cylmders A number of features of the use 
of cylinders was considered undesirable, m particular, their variation m size 
and the variation m the depth to which they penetrated the agar Cylinders 
which penetrated deeply mto the agar would reduce the area of the tone 
through which the streptomyem solution would mitially diffuse Accordingly 
cavities were tried. 

The plate was poured and allowed to set. After about 80 mm. at room 
temperature the cavities were bored m the agar with a sterile no 6 cork borer 
which was clean, sharp and free from burred edges The agar disks were then 
removed with small sterilized spear shaped needles These were better than 
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plain needles beeause the disks, once impaled, do not shp off, and a number 
can be impaled one after the other 

At first the test solutions crept between the agar and the glass plate, but 
this trouble was not encountered later 

For ready calculation of the mtemal errors of the assays the standard four- 
pomt assay method was used (e g Finney, 1944) In this the standard is used 
at two dilutions, and the unknown is also used at two dilutions, the dilution 
ratio being the same for both standard and unknown The same lay-out as in 
Table 1 was used, with the modification that each plate earned only one 
unknown, and TJ-^ and represented its upper and lower dilutions 

A rough experiment showed that the accuracy with cavities was certainly 
no worse than that obtamed with cyhnders and was possibly better, so cavities 
were adopted forthwith 

{b) The use of a single layer of agar It was found more convement to pour 
the agar already moculated on to the plate m one layer This tended to produce 
a double edge to the zones of inhibition (not to be confused with a ‘halo’) for 
reasons which are not clear The larger zone is on the upper surface of the agar, 
the smaller zone at the glass-agar interface Experiment showed, however, 
that provided one or the other was chosen for measurement and the choice 
maintained there was no difference in the potencies obtamed or m the standard 
error of then determmations 

(c) Method of measurement of diameters of zones of inhibition At first, 
measurements of zone diameter were made with calipers, transparent rulers or 
a travelling microscope The first two methods are not accurate enough and 
V ere, by companson with the method now used, tune-consummg and laborious 
The travelling microscope was accurate but even more uksome to use In our 
present apparatus, the zones are magnified approximately seven tunes without 
loss of defimtion, and the readings can be made almost as fast as they can be 
vuitten down Ulummation is from a photoflood lamp m the top portion of the 
apparatus, and the light passes downwards through a condenser lens about 
6 in in diameter and of 8 m focal length The plates are placed beneath the 
lens and the transmitted beam then passes on to a 9 m focal length anastigmatic 
portrait lens arranged below At the bottom of the apparatus is a 6 x 6 in 
mirror slightly tilted so as to throw the reflected image slightly forward and 
upwards on to the ground-glass screen The apparatus may be extemponzed 
from an ordinary projection lantern arranged vertically, the plates being 
inserted m the position normally occupied by the lantern slides In all the 
experiments described below zone-diameter measurements are those obtained 
on such apparatus Typical magnified zones have diameters of 10-20 cm , and 
the edges are quite sharp These modifications reduced the 95 % fiducial limits 
of error of an assay to about 80-125 % 

The bases of the assay 

(a) The linearity of relationship between zone diameter and logarithm of 
concentration The Imeantj of the relationship between zone diameter and the 
logantlun of the concentration vas tested on tiventy plates each containing 
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60 ml of agRT and carrying twenty four cavities. On each plate four cavities 
were filled with each of six solutions containing 01 0 26, 0 6, 1 0 10 0 and 
100 0 units of streptomycm sulphate/ml in pH 80 buffer The average wine 
diameters are given m Table 2 The best straight line and the best parabola 
were fitted to the points at 0 1 10 lOO and 100 0 The hnear coefficient for 
the parabola was 8 050 ±0 0+4 and the quadratic coefficient 0 0796 ±0^02 
The quadratic coefficient thus cannot be considered significant (P — 0 1) It 
IS clear that the curvature over this wide range of concentration, even if it does 
exist, 19 nevertheless so small as to be of no consequence for practical purposes 
The values for the two end points (0 1 and 100 0) given bv the best straight line 
and the best parabola have been inserted m Table 2 to show the smallness of 
the difference between the fit of the two curves 


Table 2 Relation between zone diameter (cm •) and logarithm of concenlraiioti 

CoDcentnitlcm (untta/ml.) 





0 1 

0-25 

0 s 

1-0 

lOO 

lOOH) 

Observed average 

Kone 

dla 

11 as 

12 78 

18 &9 

16 80 

18 81 

22 -41 

meter* 

Value caLcolated 

from 

best 

ii-+&i 



_ 


22-401 

straight lloe 
Vahie calculated 

from 

best 

ll'tOj 





__ 

— 

22 882 


parabola 

* The meafurementi refer to the soQe dfameten oo the eqeen of the n>e&«ur1ng apparatus 
\rhtch magnlQed aboot eeveo time*. 

(f») Effect of uniformity of the agar layer The 06% fiducial limits for the 
assay as earned out with the modification outhned above were approximately 
80-125 % This though a substantial improvement on the earlier figures was 
not good enough 

A factorial experiment was made to determine the effects of variation in the 
thickness of the agar and density of inoculation The quontitj of agar used was 
at two levels normal and three times the normal and the mtensity of Inocula 
tion was at two levels noHual and four braes the normal. Two plates were used 
at each of the four combinations of quanbty of agar and intensity of moctila 
bon, and three concentrabons of streptomycm, 1 5 and 10 umta/ml tested on 
each plate The average diameters of the wines of inhihibon ore given m Table 8 

Table 8 Average diameter of zones {cm.) of inhibition for different 
intensities of inoculaUon and quantities cf agar 
Intensity of inooulotlon 


Normal Quadruple 

Streptomyotn unlts/mL Streptonrydn unlts/mL 



1 

6 

10 

Average 

1 

6 

10 

A^ CTBge 

Average 

Quantity of agori 
Normal 

Treble 

i 

16-48 

14K)1 

10 92 
16 29 

17 86 
10 18 

16 76 

16 10 

14-10 

12-01 

15S0 

12-90 

16 10 
18-60 

15 18 
12-98 

IS-OO 

14-07 

Average 




15i)8 




14-08 
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To test the significance of these results we need the appropriate analysis of 
vananee This is rather unusual, as the error term for testmg the effects 
mvolving the concentration is different from and much smaller m magmtude 
than that for testmg the mam effects of mtensity of moculation and quantity 
of agar and then- mutual mteraction (Table 4) 


Table 4 Analysts of variance of experiment on varmtion in 
quantity of agar and intensity of inoculation 



Degrees of 

Sums of 

Mean 


Source of vananee 

freedom 

squares 

squares 

P 

Intensity of inoculation {!) 

1 

2147 042 

2147 042 

0 05 

Quantity of agar (Q) 

1 

2147 042 

2147 042 

0 05 

Interaction of I and Q 

1 

57 042 

67 042 

>0 05 

Error term for I, Q and IQ 

4 

101 882 

26 458 

— 

Concentration of solution (C) 

2 

1888 884 

919 292 

<0 001 

Interaction of C with I 

2 

8 688 

4 292 

>0 05 

Interaction of C with Q 

2 

4 083 

2 042 

>0 05 

Interaction of C with IQ 

2 

1 088 

0 642 

>0 05 

Error terra for above four terms involving C 

6 

7 918 

1 820 

— 

Total 

21 

6814 950 



The concentration of solution effect (C) is of course sigmficant. 

but it is 


interestmg to note that its interactions with I (mtensity of moculation) and 
Q (quantity of agar) are completely non-sigmficant That is to say, the slope 
(the mcrease m zone diameter with the logarithm of the concentration) is not 
significantly different for the two levels of mtensity of moculation and for the 
two levels of quantity of agar 

Both the mtensity of moculation and quantity of agar effects are highly 
significant, but their interaction is not sigmficant We can therefore conclude 
that they operate mdependently Their magnitudes for the changes concerned, 
namely, four-fold for intensity of moculation and three-fold for quantity of 
agar, are approximately the same, nearly 2 cm on an average of 15 cm 


The Latin square and quasi-Latin square lay-out 

The Latin square principle From the experiment described m the previous 
section it was apparent that one possible source of error lay m the vanations 
m the tluckness of the agar, variations m the mtensity of inoculation should 
of course not occur vhen workmg with a single layer of agar Although the 
lay-out guen in Table 1 was an attempt to give a balanced arrangement, 
plates of this shape will not accommodate a lay-out which would allow the 
effects of mhomogeneity m the agar to be removed from the error Plates 
35 X 35 cm vnth alumimum frames 27* x 27* cm (inside measurement) were 
constructed to accommodate sixty-four cavities laid out m the form of an 
SxS square Each ron contamed solutions Sjj, 2jj, 2jr, 8^, 8jr, 

where 5 is the standard and 1, 2 and 3 are three unknowm solutions, and the 
suffixes II and L denote the higher and low er concentration, a ratio of 10 to 1 
being cmploj cd throughout The use of the Latin square arrangement (Fisher, 
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1942) made it possible to have aU eight treatments occurring once and only 
once m each row and also once and only once m each column* Differences 
between columns were thus mdependent of differences between rows and 
between treatments differences between rows were mdependent of differences 
between columns and treatments and most important, difTercnces between 
treatments were mdependent of differences between rows and between columns 
Thus effects due to one or more rows and columns having agar different m 
thickness from the others did not introduce anv error into the determination 
of the average zone diameters for Sg, etc. 

The use of this l^atm square hod the foUowmg general advantages over the 
earlier methods 

(а) An assay of three unknowns required sixty four cavities instead of 
seventy two with the carher rectangular plates Even with this decrease m 
total number of cavities, the number of observations at each pomt actually 
increased to eight instead of six as on the smaller plates 

(б) It was as easy and the plates took no longer to pour than smaller ones 
Washing also took very little longer 

(c) The mtemal error of on assay was much reduced, the 95 % fiducial limits 
being about 91 and 110 % These limits being rather less than half those of the 
earlier form, one of these Latin square assays was therefore eqmvalent to over 
four of the earlier ones 

Effect of time %n JilltTig the plaUi Working with assays of this type the much 
mcreased accuracj revealed a bias in the potencies obtained in that the 
'unknowns' when they were actually known came out lower than expected 

It IS well known that if mocuJated plates are kept m the refrigerator before 
use, the zones of inhibition are much larger than ordinarily, probably because 
the growth of the bacteria u checked, or some of the bacteria are killed even 
though the plates are given ample tame to wa r m up to room temperature before 
filling The influence of the time the plates stood before fillmg was accordingly 
tested (time of standing before filling) Another possible source of error was 
the variation m the length of tunc the inoculated agar was held at a high 
temperature before pouring into the plates (age of agar) Eighteen platea were, 
therefore poured m turn and numbered as they were poured. Plates 1 2 and 
8 were regarded as being 2 mm. old 4 6 and 6 as 4 mm. and so on. The time 
of standing was also regarded from a similar standpomh The total time for 
pounng was of the order of 10 mm which might have had an appreciable 
effect on an moculated agar held at 60 for 10-20 mm. beforehand, but which 
would be negligible, we presumed, compared with the 1-8 hr which would 
elapse before the plates were filled- The key to the experiment, together with 
the result* is given m Table 5 

All the test solutions contamed 10 umts/ml However one was regarded as 
the standard And went on the plate first in the first senes of nme plates and 
last m the second senes of mne plates The other three were regarded as separate 
samples and placed on the plates m the order shown by the prefixes A, B and C. 

In the first nine e^gienments the concentrations of the second, third and 
fourth solutions are expressed m terms of the first as st an da r d, in the last 
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mne experunents the first, second and third are expressed m terms of the last 
as standard (Two plates, 5 and 17, were upset and unfortunately could not be 
mcluded ) 

The results are very stnkmg Collectively, they mdicate that the time which 
elapses between fillmg with one sample and the next is of vital importance to 
the assay result In almost every case there is a uniform drop from sample to 
sample (It should be noted that plate 18 was the fourth plate filled by 
operator C, i e it marked the pomt where she changed from ‘standard first’ 


Table 5 Effect of time of filling, and other factors, on potency estimations 


Plate 

Operator 

Approx 
age of agar 
(mm ) 

Results in order of filling 

Approx time 
of standmg 
before filling 
(mm ) 

1 

A 

2 

10 00 , ^9 60, jb9 47, ^9 00 

10 

2 

B 

2 

10 00 , o9 06, ^8 68 , ^8 01 

30 

3 

C 

2 

10 00 , jj9 26, £,8 96,^8 64 

20 

4 

A 

4 

10 00, o9 13, ^8 76,;j8 4C 

20 

5 

B 

4 

(10 00,^9 04,^88,o8 11) 

10 

6 

C 

4 

10 00,^10 21, £,9 20,^8 63 

30 

7 

A 

6 

10 00,^9 30, c9 42,^9 61 

30 

8 

B 

6 

10 00, j 8 91,38 22, 08 98 

20 

0 

. c 

6 

10 00,o9 47,^9 81,3814 

10 

10 

A 

8 

jlO 68 , 3 IO 82, olO 88 , 10 OO 

40 ■ 

11 

B 

8 

olO 68 , ^10 68 , 3 IO 66 , 10 00 

60 

12 

C 

8 

3 II 33, (,10 40, ^10 77, 10 00 

50 

13 

A 

10 

3 IO 83, ^10 62, 3 IO 66 , 10 00 

60 

14 

B 

10 

3 IO 52, olO 66 , ^10 36, 10 00 

40 

15 

C 

10 

^11 12 , 31045 , p9 80, 10 00 

60 

16 

A 

12 

3 I 2 06, 3 II 93, ^11 12, 10 00 

60 

17 

B 

12 

— 

60 

18 

C 

12 

£,9 40,^9 69, 39 14, 10 00 

40 


The figures for plate 5 are the values inserted for the missing values. 

The prefixes A, B and C relate to the three samples 


to ‘standard last’ and ha\ang regard to the fact that the whole expenment had 
had to be repeated because of a misunderstandmg, we are mchned to think that 
it was filled erroneously ) Table 6 gives an analysis of variance for the first nme 
plates The values for the missing plate were inserted by a method based on 


Table 6 Analysis of variance of logarithms of results in Table 5 



Degrees 

Sums of 

Mean 

A 



of 

squares 

squares 



Source of \’anancc 

freedom 

( X 10') 

( X 10') 

F 

p 

Ojicrators 

2 

4334 740 

2107 370 

4 50 

0 05 

Time of standmg before fillmg 

2 

815 029 

407 814 

— 

— 

Ace of agar 

Order of filling 

2 

274 073 

137 030 

— 


Linear term 

1 

4008 000 

4008 000 

0 GO 

0 01 

Quadratic term 

1 

249 185 

249 185 

— 

— 

Samples 

2 

407 029 

203 814 

— 

— 

Re'idual 

13 

6181 262 

475 482 

— 

— 

Total 

23 

10870 518 
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the principle of least squares Having inserted these, the total degrees of 
freedom become three less than otherwise, and this decrease of three occurs 
m the residual. 

The results have been analysed on the assumption that the second third and 
fourth results on each of the first nine plates have been assayed m terms of the 
first sample placed on each plate 

The sample effect is non-existent, as also arc the order of taking the plate 
and the age of agar at pouring The order of filling has its linear component 
(expressed In terms of logarithms to base 10) highly significant, but its curvature 
non significant The operator effect is significant at the 6 % level One parti 
cular operator had a particularlj slow actmg filler and took much longer as 
a consequence m filling her plates. This s^ves to emphasize the effect of the 
time which elapses during filling on the assay result. 

The residual \anance averaged over this experiment and a similar one is 
approximately 480 corresponding to a standard deviation of about 22 The 
units m which the analysis has been conducted have been loganthras to base 
10 X 1000 (this transformation being made for simplicity m the computation) 
Accordingly a standard deviation m the real units is 0*022, and when converted 
to the 95 % fiducial limit on on expected figure of 100 the upper limit is about 
111 This IS very close to the estimate made for the lAtm square when first used. 

It was clear, therefore, that if this time effect in filling were eliminated 
a satisfactory assay would be obtamed. The simplest method of elimination 
would have been to make a constant correction to the potency for the first 
unknown a similar correction of twice the magnitude to the second unknown 
and a similar correction of three times the magmtude to the third unknown. 
Unfortunately examination of a few plates showed that the magnitude of 
such correctioiis would not be constant for all plates Another method of 
elimination would have been to substitute the standard for the third unknown, 
the standard being on the plate twice, once at the beginning and once at the 
end. This would allow a determmatioa of the magnitude of the correebon for 
each plate, but would reduce the number of unknowns being assayed from three 
per plate to two per plate. The cost per assay would thus be mcrcased by 60 % 

The use of the quasi lAUin square Yates (1987) has given a design for carrying 
out an experiment of the form 2* (five factors all at two levels) in an 8 x 8 
square which involves the partial confoimdmg of the higher order Interactions 
This design can be adapted to our purpose. We consider that we have one 
factor at two levels (the high and low dflubons) and one fiictor at eight levels 
This factor at eight levels can be r^arded as made up as 

(1) standard preceding unknowns, 

(2) unknown 1 succeeding the standard by one time interval, 

(8) unknown 2 succeeding the standard by two tune Intervals 

(4) unknown 8 succeedmg the standard by three time intervals, 

(5) unknown 8 preceding the standard by three time mtervnls 

(6) unknown 2 preceding the standard by two tune intervals 

(7) unknown 1 preceding the standard by one time mterval, 

(8) standard succeeding the unknowns. 
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This leads to an arrangement such as that m Table 7 Ideally this should 
be re-randomized every tune it is used, but when domg 20-30 plates a day this 
IS impracticable The most satisfactory compromise is probably to construct 
about 20-80 arrangements, and have separate forms prmted similar to Table 7 
for each Appropriate templates for transferrmg the results from the mam 
table to the smaller one and for fiUmg the plates would also be needed The 
arrangement to be used m any particular assay can be selected with a table 
of random numbers In Table 7, which has been used m aU the assays of this 
type reported m this paper, the restriction has been imposed that in all rows 
and aU columns the high and low levels alternate This was to assist the 
operator m fiUmg the plate, but a completely random arrangement is to be 
preferred on theoretical grounds Randomization m practice can be earned 
out by drawing numbers from 1 to 8 from a hat, and rearrangmg the rows m 
the order thus given, and repeatmg this process for columns. 


Table 7 


Assays (1) (S^) 

( 2 ) (S,) 

(3) (C) 


Form of entry of results from quasi-Latin square, 
and an example of its use 
Streptomycm assays 

Date . Plate poured by 

Plate filled by 
Dilutions made by 
Readings by 
Calculations by 
Checked by 


Dilutions of samples (1) 1/2 4 
(2) 1/30 
(8) 1/40 


and (1) 1/24 
(2) 1/860 
(8) 1/400 


Concentrations 

of standard 

10 1 

and 1 

umts/ml 






10 0 

2^ 

14 4 

Si 

11 

1 

Si 

14 

. 9 

31 

10 9 

85 14 6 

25 11 1 

i5 

15 2 


14 2 


10 5 

3^ 

14 

0 

3l 

10 7 

Si 

14 5 

Si 112 

15 14 6 

25 

11 1 

s^ 

10 5 

3^ 

14 

.2 


10 

2 

15 

13 7 

2/ 

10 6 

25 14 5 

85 10 7 

Si 

15 1 


13 5 

2^ 

10 3 

s^ 

13 

7 

Si 

10 0 


13 9 

3l 10 5 

25 14 5 

15 

10 9 

2^ 

10 7 


13 5 

31 

10 

0 

35 

13 6 

-Si 

10 6 

Si 14 0 

15 10 4 

25 

14 4 

3^ 

13 2 

•sr 

1C 

1 0 

25 

13 

5 

2i 

10 1 

15 

13 5 

ll 10 1 

5514 2 

85 

10 7 

3^ 

10 0 


13 

; 0 


10 

2 

25 

18 6 

11 

10 2 

l5 13 9 

55 10 6 

35 

14 1 


13 0 

3J 

1C 

10 

*!/■ 

13 

5 

11 

1C 

12 

of 

13 7 

2l 10 5 

35 14 0 

S5 

10 8 

■s. 

Su 

1] 



2, 


o 

•“£ 

r 

8x 


3j7 

V + li 

~S^-S, 

= D 

= -42 

11 1 

14 9 

10 

9 

15 

2 

11 

1 

14 

4 

10 

9 

14 0 

Ifl- — li 

'^Sjj — Si^ 
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Pr^crred method of aseay of tireptomynn 

The following is the preferred method for dealing with about 00-90 assays 
(20-80 plates) per day Sufficient nutrient agar (Bactopcptone, 6 g Difco 
beef extract, 8 g agar, 16 g distilled water to 1 1 , pH 8 before autoclaving 
at 16 lb for 20 mim) for aH the plates (140 roL/plate) is placed m a flat 
bottomed Pyrex flask fitted with a ground glass mtcrchangcable neck, and the 
whole sterilized m the usual way The flask contents are cooled m a water bath 
at 60® for about 80-00 min. and then inoculated with a culture of B stibitUs 
It has been found best to arrange that the moculum is of approximately the 
same amount of the same age from day to day and to this end agar slopes are 
prepared m 8 oz. culture bottles from 20 ml of yeast beef agar (above composi 
tiem) which are sterilized at 15 lb for 20 nun. before sloping Three such 
bottles arc inoculated doily from a subculture corned m a Frcudenreich bottle 
which m turn has been prepared from the master culture of B subtilts 288 
Incubation of the slopes is at 82 for 6 days The daily moculum for the agar 
for the plates is obtained by adding 20 ml of gterile distilJed water to each 
of two or three of the 8 oz. slopes and shaking to suspend the spores The mixed 
suspension from two bottles is usually sufficient to moculatc 8-4 L of agar 

The moculated agar is mamtalned at 60® for about 10-20 mm. to afford 
some degree of pasteurization. About 140 mi of the agar is then run on to the 
plate The latter is previously warmed to 60® in an oven and removed as 
required for filling The agar is poured mainly on to one part of the plate and 
nm over the surface with as Uttle tilting as possible oir bubbles are burst with 
a hot stenie needle. The plate covered with a glass sheet is laid on a perfectly 
flat table which is tested with a spirit level daily The agar is usually completely 
set m 80 mm when disks ore cut with a sterile no 5 cork borer m positions 
determined by the plan marked on paper laid beneath the plate. The disks 
are removed with spear shaped needles and placed m lysol 

The standard solution required for a week s work is made up to 100 umts/ml 
m pH 6 0 phosphate buffer and each day smtable amoimts are dilated m 
buffer pH 8 0 to give solutions containing 10 and 1 umts/ml. Unknown 
solubons are similarly diluted m pH 8 0 buffer to give concentrations approxi 
matcly 10 and 1 units/ral (the rabo of concentrabons of the two solubons 
must be 10 1) 

The slopes of the log c-diameter curves for the standard and unknowns are 
sometimes appreciably different, and it has been confirmed that the pH s of 
such solubons often differ The dihibon of streptomycm sulphate solubons 
m pH 6 0 buffer with buffer of pH 8 0 gives solubons of pH about 7 6 or over 
Many test solubons have pH v^ues above 8 and when dfluted m pH 8 0 
buffer the final value is about 8 2-8 4 For very precise work it would 
undoubtedly be desirable to adjust the pH of the standard and unknown 
lolutaons exaeby to 8 0 but for routine research or produebon this would be 
too bme-consummg 

Each operator uses her own cavity filler throughout. This consists of a 
1-2 mm capillary drawn out at each end and held by rubber tubing in a wider 
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piece of glass tube, to the other end of which a rubber bulb is attached The 
volume of the capiUary should be about 0 05-0 06 ml and experience will show 
the best shape for the jets With a httle care the capillary can be quickly filled 
and kept free from an air bubble, and by gently squeezmg the bulb the contents 
of the capillary can be discharged mto a cavity on the plate Great importance 
IS attached to ensurmg that the same volume of liquid is placed m each cavity 

The operator has before her eight samples (‘High’ and ‘Low’ concentrations 
of each of three unknowns and the standard), and the plate hes on a special 
template based on Table 7 so arranged as to facilitate fiUing The template is 
m fact Table 7 altered m scale to fit the actual plate The rows (and columns) 
should be about 3 48 cm apart, giving a total width and height of 24 cm 
The terms l^, etc , are replaced by more vivid symbols Thus four different 
colours can be used to represent the four different solutions, the early cavities 
and the late cavities can be represented by circles and triangles respectively, 
which can be made large and small to represent the high and low concentrations 

The fillmg order is as follows 

(1) The four cavities marked iSi, followed by the four cavities Si The 
suffixes H and L refer to the high and low concentrations and the superscript! 
means that these sets of four are the uutial entnes for the standard These 
correspond to level (1) m the list of the eight levels given m the previous 
section 

(2) The four cavities marked 1^, then the four cavities marked li, corre- 
spondmg to level (2) 

(3) and (4) similarly for unknowns (2) and (8) 

(5) The four cavities 3^ and then the four cavities 8^, correspondmg to 
level (5) The superscript F means that these sets are the final entnes for this 
sample 

(6) , (7) and (8) similarly for unknowns (2) and (1) and the standard, corre- 
sponding to levels (6), (7) and (8) 

Between each solution the filler is washed with pH 8 buffer 

Fillmg IS at first confusing, but with a little praetice the operator soon 
acquires a steady rhythm, and after a few days filhng becomes qmte mechanical 
It IS essential that filling should proceed at a steady rate, a break of 2 or 
3 mm makes the assay useless, whether m large-plate or Petn-dish work 

The plates are recovered and carefully plaeed in a honzontal position m 
a 32® incubator Next morning the zone diameters are measured After 
checkmg doubtful readmgs, the agar is peeled off the plate mto a bucket of 
h sol and the plates and frames are immersed for an hour m this disinfectant 
After w ashing thoroughly they are wiped with acid ethanol and dried m the 
oven 1-2 hr at 60° No attempt is made to ensure perfect sterihty 

For transferring the zone diameter readmgs from the mam table to the 
lower one m Table 7 eight templates, corresponding to the arrangement m 
question, are useful for lajung on the mam table to isolate the eight readmgs 
of S^, etc 

Calculation of the results is greatly assisted by an adding machme The 
nccessar} subsequent steps are earned out aceordmg to the schemes given at 
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the lower right hand side of the typical record sheet in which the results of an 
actual assay have been inserted (Table 7) The three sections m this record 
refer to the three unknowns. 1^, and S^, etc , refer to the totals of 

the corresponding columns to the left of the record and antilog DfB refers to 
the antilog to base 10 of the result obtamed by dividing Dhy B (Sometiraes 
D/Blsnegative for example, it might be —0*07478 In this case one remembers 
that —0 07478 equals 1 92527 and Ends the antilog of this, 0 8420 ) The 
antilog DjB is the factor by which the concentration of the standards must be 
multiphed m order to give the concentrations of the unknowns (as placed in the 
cavities) Thus if the factor came out as 0 8420 the high and low concentra 
tionsoftheunknownplacedontheplatearelO 46andl 046umts/ml Of course, 
these must be multiphed by the dilution factor m order to give the concentra 
taon of the ongmal solution Le the unknown solution may have been diluted 
with pH 8*0 buffer to ddutiona of 1/2 4 and 1/24 m order to give concentrations 
approximately 10 and 1 umts/mL respectively In this case the concentration 
of the ongmal would be 24 x 0 8420 20 2 uiuts/ml If the method is used for 
pemcillm assays, it is usual to work with the agar at pH 7 0, to use solutions 
at pH 7 0 to use concentrations of standard of 0 6 and 2*0 umts/ml and 
similarly for the unknowns In this case, the ratio of the high and low con 
centrations being 4 1 it is necessary to find antdog 0 6021 DjB instead of 
antilog DjB to get the factor In genera) the factor is found from antilog 
[(H/B) X log (ratio of concentrations)] which for the streptomycm assays 
becomes antilog DjB 

A chart or set of tables can be constructed to give rapidly the value of the 
factor when D and B are known Although at first confusmg the calculation, 
like fiUmg the plate soon becomes mechanical 

To illustrate the preosion possible, Table 8 records the results obtamed when 
three working standards , 5, *S, and six solutions A to F were referred to 
a sample of pure streptomycin sulphate. 


Table 8 lUprodueibility of assay potsneta obtained by Vie preferred method 


Plota 

Standerd 

s. 


5, 

A 

B 

C 

D 

E 

F 

1 

827 

884 

1S5 

— 

223 6 

— 

— 





— 

2 

827 

S84 

118 

— 

— 

078 

— 

— 

— 

— 

8 

827 

ail 6 

123 

— 

— 

— 

845 

— 

— 

— 

S 

827 

842 

128 

— 

— 

— 

— 

612 

— 

— 

0 

827 

855 

123 

— 

— 

— 

— 

— 

— 

828 

7 

827 

— , 

121 

20-7 

810 

— 

— 

— 

— 

— 

8 

827 

— 

124 

20*4 

— 

670 

— 

— 

— 

— 

9 

827 

— 

123 

— 

— 

— 

881 5 

— 

— 

— 

10 

827 

— 

121 

20-7 

— 

— 

— 

401 

— 

— 

11 

827 

— 

121 

20*6 

— 

— 

— 

— 

61 

— 

12 

827 

— 

120 

— 

— 

— 

— 

— 

— 

848 

18 

827 

840 

— 

20*8 

218 

— 

— 

— 

— 

— 

14 

827 

850*6 

— 

— 

— 

080-6 

— 

— 

— 

— 

16 

827 

837 

— 

20*2 

— 

— 

811 

— 

— 

— 

10 

827 

884 

— 

20*7 

— 

— 

— 

611 

— 

— 

17 

827 

883 

— 

20-0 

— 

— 

— 

— 

78 

— 

18 

827 

3446 

— 

10 6 

— 

— 

— 

— 

— 

805 


Kleoni 

840 6 

122 

20-1 

219 

074 

339 

506 

705 

857 


4 ** 
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Anal3’ses of variance of three of the plates chosen at random are given m 
Table 9 The parallelism term is the interaction betvreen treatments and 
levels, and has a total of seven degrees of freedom Of these, however, one is 
partially confounded with columns, leaving six In all cases the row and column 
mean squares are significant, frequently highly so, showmg tliat the Latm 
square arrangement is removing from the error term a large part of the effect 
of the mhomogeneitj’’ of the plate The average residual is 0 01749 It is 
interesting to note that the average residual obtamed by ignoring the double 
restriction achieved bj’’ the Latm square, i e by pooling the sums of squares 
for rows, columns, and the residual, is 0 13973 The increase m accuracy 
through the use of the Latm square arrangement is given by the ratio of these 
residuals, viz about 8 0 times 


Table 9 Analyses of variance of three plates selected from Table 8 


Source of 

Degrees 

of 

Assay no 8 

A 

Assay no 15 

- A_ 

Assay no 17 

f \ 

t 


t 

s 

vananee 

freedom 

s s va 

s s 

M S 

s s 

■M S 

Ro'ivs 

7 

0 90010 0 12944 

0 18859 

0 88408 

3 90000 

0 50571 

Columns 

7 

0 00110 0 00873 

3 00859 

0 50094 

3 62000 

0 51714 

Treatments 

7 

1 19110 0 17010 

0 81850 

0 11094 

1 84750 

0 76393 

Lc\ els 

1 

215 72200 215 72200 

107 75390 

197 75390 

244 14003 

244 14003 

Parillelism 

0 

0 13219 0 02203 

0 37344 

0 00224 

0 15125 

0 02521 

Residual 

- 35 

0 20170 0 00748 

0 83423 

0 02385 

0 74002 

0 02110 

Total 

03 

218 27485 

209 03734 


254 46000 



s s =sutn3 of squares, M s =mcan squares 


To calculate the mtemal error of an assay, we use the formula (cf Finney, 
1944) 

v here s„ is the standard error of the loganthm of the potency ratio, s is the 
standard error of an indn idual observation, d is the loganthm of the dilution 
ratio, n is the number of observ'ations at each of the four points of the assay* 
and D and D have the meaning gia cn m Table 7 In the case where the un- 
knoivn has a potcnca" close to that of the standard, D is small compared with 
B, and vc get 

_ 2sd fn 


In the present case an aa crage \aluc for s is ^0 01749, d is log 10 and therefore 
umta IMS'? and J3 IS about CO The resulting a alue of is 0 0124 For a large 
number of degrees of freedom a\e can take the 95% fiducial limits as ±2s„, 
or iO 024 S These are the limits on the loganthm of the potency' ratio, so the 
limits on the potcnca ratio are 94 5 and 105 9 

c can also obtain an estimate of the oa'crall error from Table 8 For the 
5j, S. ij obseraation the 95% confidence limits for a single assay are 
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estimated as 96 and 104% The close agreement between the internal and 
external estimates makes it evident that there are no unsuspected sources of 
error 

Acknowledgementa are due to the Dlstfllera Company Lt<L fbr penniasion to 
publish this paper 
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A Technique for the Quantitative Estimation 
of Soil Micro-organisms 


By P C T JONES and J E JIOLLISON 
Soil Microbiology Department, Rothamsted Experimental Station, 
Harpenden, Herts 

With a Statistical Note by 

M H QUENOUILLE 

Statistical Department, Rothamsted Experimental Station 

SUIMMARY Soil micro-organisms have been counted by a new techmque whose 
essential feature is the suspension of measured amounts of soil m a molten agar gel 
from which small drops are removed and allowed to sohdify as thm films on 
a haemocytometer shde of known depth The instantaneous gelation of the agar 
ensures the fixation of the soil constituents m their ongmal distnbution The films 
are dried and stamed m a solution of acetic-anilme blue and permanent preparations 
made by subsequent dehydration m ethanol and mounting m euparal K the sus- 
pension is of knoivn dilution, smce films of a defimte volume contam a known quantity 
of soil, differential counts of a measured area of film iviU yield a quantitative estimate 
of soil micro-organisms 

The distnbution of bactena per microscopic field was found to be complex The 
frequencies of bactenal colomes and of pieces of fungal mycehum form a Poisson 
senes , those of the number of bactena per colony form a loganthmic senes , and those 
of the total number of bactena per field fall mto a negative bmoimal distnbution 
The method appears to be capable of modification by the use of selective nutnent 
media for determining the quahty of the microflora and possibly the percentage 
^^ablht 5 ' of the organisms present 

Smce mterest was ongmally aroused m the quantitative and quahtative 
estimation of the soil microflora, various methods have been developed to this 
end It was early recogmzed that ddution plate counts, while giving consistent 
estimates of some soil micro-orgamsms and therefore havmg some value for 
comparmg different soil samples, fad to give the total numbers, smce the 
vanous media employed are selective m theu action Moreover, though the 
method has one great advantage m that hvmg orgamsms oidy are counted, 
doubt alnajs exists as to whether colomes of bacteria develop from one or 
more orgamsms and fungal hjqihae from fragments of mj'^celium or from spores 
On these considerations attention was turned to microscopic techniques of 
direct examination of sod 

Stamed smears of sod as used by several workers, notably Conn and 
mogradsk} , give little accurate information of actual numbers oivmg to the 
diflicult} of estimating the exact quantity of sod examined Winogradsky 
(192o) attempted to estimate this quantity’ by the mcrease m weight of the 
microscope shde on winch the smear had been fixed, while Conn (1918) sought 
to ob\uate the difficult j bj spreadmg 10 mm ® of sod suspension of known 
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dilution over a sq cm of a microscope slide. However, it is impossible by tbis 
means to ensure an even distribution of particles and organisms throughout 
such smears, so that the counts give an inaccurate estunate of the soil 
population. 

A defimte advance is seen m the method of Thornton A Gray (1984) m 
which a known quantity of soil Is added to a counted suspension of mdigo 
particles of a eixe and density approximately similar to those of bacteria. 
Small drops of this mixture are placed on a slide, dned and then stained with 
erythrosm During the drying of a drop of soil suspension, surface-tension 
forces will alter the distribution of contamed particles but it is assumed that 
mdigo particles and organisms will bo affected similarly From the ratio of 
numbers of bacteria to mdigo particles m a defimte number of microscopic 
fields it IS possible to estimate the numbers of bactma/g of soiL 

In applymg this method, it was thought that a blue stam would give better 
background contrast than the red or violet acid dyes previously used Agar 
films were made and stained by anilme blue lactophenol This proved to be 
on excellent bacterial a* well as fungal stain. Hoivever this entailed the use 
of a contrasting * ratio particle of which many were prepared but none proved 
satisfactory for various reasons 

A homogeneous distribution of both organisms and soil particles could be 
ohtamed m a sod suspension m agar and m thm films subsequently prepared 
from it The viscosity of the agar prevented soil flocculation, and its mstan 
taneous gelation prevented the disturbance of the particles by surfece tension 
forces duiing drymg and a count of a known volume of soil suspension could 
be made when the films were prepared on a hacmocytometer slide of known 
depth Counts from such films gave evidence that a random distnbution of 
organisms had been, achieved and the need for adding a counted suspension of 
particles was thus obviated, since the number of organisms/g of soil could 
now be derived directly from counts from the agar film of organisms alone. 

During subsequent work with this amlme blue-lactophcnol staining method 
it was found that the quahty of the staining was variable, although the same 
procedure was followed on all occasions. Moreover the stam gradually faded 
if the preparations were kept for several weeks. The impermanent nature of the 
lactophenol mounts was also unsatisfactory Dehydrating the films m ethanol 
after staining and mounting m Canada balsam proved unsatisfactory for 
differentiation was poor and balsam proved to have too low a refractive index 
for satisfwtory resolution. The caqicdient of drying the film on to the slide was 
adopted after mea surem ents had shown that the film did not shrink laterally 
when dried, and so the lateral distribution of particles and organisms remamed 
unaltered, though the film had dried to a negligible thickness. 

A solution of aniline blue m aqueous phenol and acetic acid was used by 
Mancvol (1980) for staining fungal mycelium using lactophenol as a mountant. 
The authors found that clear differentiation os well as permanent preparations 
of soil films could be ohtamed by the use of this stain with subsequent 
differentiation and washing m cth^ol and finally mounting m euparaL The 
technique finally adopted was as follows. 
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Description of the method 

The method involves counting the organisms m a number of microscopic 
fields selected at random and calculatmg the total volume represented by the 
microscopic field observed The latter is estimated by multiplymg the area of 
the microscopic fields by the depth of the haemocytometer shde on which the 
films are prepared This gives the volume of soil suspension observed Hence, 
if the imtial dilution of soil m agar be loiown, the number of orgamsms per g 
of soil can be readily calculated by multiplymg by a conversion factor, which 
IS much simplified if the mitial quantity of soil be so adjusted as to give 
a simple fraction of 1 g of soil in the total number of microscopic fields 
observed For observation under oil immersion the authors found that 0 05 pg 
per 20 fields ensured a satisfactory density of organisms and soil particles per 
field If the volume of 20 fields of 0 1 mm depth be x ml for a particular 
eyepiece-objective combination, then 0 05 pg jx of soil must be added per ml 
of agar Hence the average number of bacteria per 20 fields x 2 x 10’ gives the 
number/g soil (For the authors’ microscope the appropriate wt of soil 
was 2 58 g ) 

The soil sample is first sifted through a 2 mm sieve and the requued quantity 
weighed out, placed m a small crucible with 5 ml of sterile distilled water and 
thoroughly ground up with a glass rod The resultant suspension is then poured 
off into a 100 ml sterile flask The sediment is washed m 5 ml sterile distilled 
water and the suspended matter poured off into the same flask With care only 
the heavier sand fraction then remams m the crucible, but the procedure may 
be repeated if necessary The soil suspension is then made up to 50 ml with 
1 5 % agar, prenously filtered hot through a No 1 Whatman filter-paper, 
sterilized and kept at a temperature high enough to prevent gelation After 
the flask has been shaken vigorously and left for 5 sec to allow sedimentation 
of the heaviest sand grams it is ready for use and should be used almost 
immediately, otherwise certam thermophilic organisms multiply rapidly, giving 
an inaccurate picture of the numbers and kmds of organisms present A 
sample is pipetted from immediately imder the surface of the suspension on to 
the platform of a haemocytometer slide of 0 1 mm depth, immediately covered 
bj"^ a cover-slip and allowed to solidify With a shde of 0 02 mm depth large 
mineral particles caused films of greater thickness to form and hence give 
% anabic counts A shde 0 1 mm deep wath a lower dilution of soil is preferable 
The slide is then immersed m sterile distilled water and the cover-slip removed 
Surplus agar, which has solidified m the moat of the haemocytometer shde, 
maj be rcmoicd bj running a sharp scalpel round the central platform, or, 
if a cucular liaemoc}i;ometer is used, the tlnck agar rim may be efficiently 
remoicd bj a cork-borer B> agitation of the shde in the water the film is 
genth floated on to an ordinary' microscope slide and allowed to drj It is 
essential to use distilled water for this purpose to prev'cnt precipitation on 
dr\ing of salts normallj dissohed in tap water The films should be dried 
slowh at room temperature, as attempts to speed up drjing generally result 
m their splitting 
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One type of hacmocytometer slide has parallel transverse grooves, ^hich 
isolate a central rectangle ground to a lower level The authors found it more 
convement to form a square in the centre of this rectangle by grinding two 
grooves at right angles across it (see Fig 1) 

The dned films are then immersed for 1 hr in the foUowmg stam phenol 
(5 % aqueous) 16 ml , anilme blue W S (1 % aqueous) 1 ml , glaaal acetic 
acid 4 ml , filtered about 1 hr after preparation. Other sulphonated tnphenyl 
rosaniUne dyes were tested and in general proved satisfactory Since a standard 





n 





r\ 
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Fig 1 Uodi&caUoQ of haeraocytometer 


dyestuff seemed d^pirable, British Drug Houses Ltd. water soluble anilme blue 
was adopted. The speerfiaty of the rosamlme dyes for basiphflic protoplasm 
was demonstrated by similar staming results with acid fuchsin. 

The films are rapidly washed and dehydrated m 95 % ethanol and perma 
nent preparations made by mounting in cuparal (Flatters and Garnett Ltd., 
Blanches ter) 

For bacterial coimts it is best to delimit the area of the microscope field by 
msertmg m the eyepiece a glass disk ruled with a 2 mm square. 

Twenty random fields are then counted under oil immersion on each of four 
repheate shdes, when multiplication by the appropriate conversion factor will 
give the number of orgamsms/g of soil 

Venjicaiton of the method 

It was thought desirable to test whether counts made by this method gave 
a true estimate of the total sofl population. Accordingly film counts were 
made of a soil sample previously stcriliicd and also of a repheate sample to 
which a known number of a paxticular species of bactenum was added from 
a counted suspension. The results m Table 1 show that the numbers of bacteria 
‘recovered represent a very high percentage of those added 

The accuracy of this method depends on a uniform distribution of soil 
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organisms throughout the suspension and subsequently m the agar film m 
order that this film may be a valid sample of the population under mvestiga- 
tion It depends also on the possibility of so standardizmg the techmque of 
preparation and countmg that similar results may be obtamed by different 
workers 

i 

Table 1 ’’ 'Recovery'' of counted suspensions of bacteria added 
to sterilized soil {miUionsIg soil) 

No m sterile 
soil + added 

counted No m sterile No ofbactena ‘Recovery’ 

No added suspension soil alone counted (%) 

0440 6205 42 6168 96 7 

1042 2700 1144 1016 98 4 

Since there are many sources of variation inherent m this method, it is 
necessary to determme when variation between counts becomes significant, 

1 e when the difference between counts may be assigned to differmg sod 
populations rather than to experimental errors 

Errors may be ascribed to 

(1) heterogeneity of the agar-sod suspension, 

(2) vanation between aliquot fractions of the sod sample, 

(3) vanation beti^een replicate films made from the same sample of sod, 

(4) vanation m observation between different observers, and 

(5) indifferent stainmg and poor optical arrangements 

In order to mvestigate the differences m the microflora due to different 
manunal treatments and at the same time to provide data for the statistical 
analysis of these possible sources of error, coimts were made of samples of sod 
from three of the ‘ classical ’ Barnfield plots These have had consistent manunal 
treatment for the past 100 years The plot numbers and treatment are 8-0, 
no manure ,1-0, farmyard manure , and 4-A, complete mmerals Samples from 
these three plots are designated A, B and C respectively Sample C was divided 
into tv o parts and C, In Table 2 the count made on sample A is set out 
in detail shov mg the total number of bacteria observed m each of 20 micro- 
scopic fields The total number of bacteria per field are analysed into their 
constituent colonies, the numbers per colony being shoivn 

Only the number of bacterial colomes and total number of bacteria per slide 
are gi\ en in Table 3 of the counts made on samples A, B, Cj and Cj The four 
counts made on replicate slides for each sample vull be seen to be reasonably 
consistent 

From consideration of prevnous techniques of dilution counting (‘Student’, 
1907), it vas at first thought that the numbers of orgamsms observed per field 
should fall in a Poisson senes The required condition for a Poisson distnbution 
IS that the probability of an c\ ent occumng is exceedingly lov, but the number 
of trials IS so large that the total number of events occumng reaches an 
obscrv able total Suppose anv microscope field to be dmded into units of 
area comparable in size to a bacterium, there will then be an exceedingly large 



Table 2 Count of bacteria from tample of soil from Bamfield, plat A 



Total DO of bftcteria/Deld 
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number of such areas If the observation of each of these areas m turn 
represents a trial and the occurrence of a bacterium m any one of them an 
event, then the probabdity of such an event occurrmg is exceedmgly low, smce 
the total number of bacteria per field is small 


Table 8 Count ofbactena in four samples of soil from Barnfield 


No of coIomes/20 fields X* colonies, n= 19 



Shde 

f 

A 

B 


c. 

t 

A 

B 

Cl 

1 

c. 


1 

57 

128 

60 

55 

7 17 

8 00 

18 00 

15 90 


2 

54 

112 

67 

68 

18 80 

15 86 

19 80 

0 70 


3 

54 

181 

49 

65 

19 33 

12 60 

16 71 

12 80 


4 

49 

104 

47 

48 

28 10 

14 50 

16 40 

17 80 

Av 

no /slide 

63 50 

118 75 55 76 69 Total x’ on 4 

72 55 

66 08 

81 12 

55 62 


Sbde 

Total no 

sbdes n=79 

of bactena/20 fields 

X® of total no of bactena. 

n = 10 


1 

128 

203 

180 

98 

48 60 

41 49 

41 60 

00 90 


2 

119 

220 

142 

149 

90 58 

59 09 

46 45 

57 52 


8 

120 

307 

132 

130 

91 00 

62 71 

218 09 

84 16 


4 

88 

294 

140 

84 

07 91 

213 41 

95 43 

38 02 

A\ 

no /slide 

113 75 

271 

186 

115 25 





No ofbactena 

2275 

5420 

2720 

2305 






in millions/g 


If this be true, the statistic x®, calculated as x" 


S{x—xf 

X 


(where a; = indivi- 


dual count of bacteria per field and x=mean value of each count and S implies 
summation), should be approximately equal to the number of degrees of 
freedom of the system (Fisher, 1946) From Table 8 it wll be seen that the 
A'alues of x" thus obtamed (the number of degrees of freedom, n = 19) invalidate 
the assumption of a Poisson distribution 

Hon ever, when x“ ""as calculated on a ‘recovery’ count (see Table 4) 
agreement n ith the expectation of a Poisson senes was obtained In the latter 
case discrete organisms only were present, whereas m normal soils colonies of 
bacteria of various sizes occur, and it is clear that the distnbution of bactena 
in colonies provides a disturbing factor There will thus obviously be a distribu- 
tion mthm colomes to be taken into consideration on counts of normal soils 
In order to assess the significance of the mean it becomes necessary to show 
that the distribution of colomes is Poisson, to determine further the type of 
distribution mthm colomes and hence to determme the distribution of total 
numbers of bacteria per field Usmg the statistic x" calculated as above, it was 
found that the distribution of colomes fitted a Poisson senes In Table 3 it 
ivill be seen that the values of x^ for counts on the individual slides on the whole 
approach the number of degrees of freedom, in this case 19 The values of x' 
calculated on the slides grouped together with 79 degrees of freedom are also 
gi% en and again do not denatc sigmficantly from this i alue In Table 7 the 
goodness of fit IS demonstrated 

It then remained to determine the distnbution ivithin colomes In discussion 
vith Mr Quenouille it vas suggested that these numbers might be distnbuted 
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in the form of the logarithmic scries investigated bv Fisher Corbet L Williams 
(1948) (see Statistical Note) In this the probability of colomes containing 
1, 2, 8 organisms are expressed by the successive terms of the loganthmic 

expansion for —log, (1— a:), i e. -log,(l—ic)>=ir+^+^+ +— + Since 

2 8 fl 

■total probabihty must by defimtion be 1, the successive probabihties for 

jt* jfS 2 

1,2,8, organisms will become cue, a—, a— wherea-* — » ; and 

2 8 — log, (1— fT) 

the relative frequencies may be obtamed by multiplying each probability by 
the total number of colomes 

Tabled * Recovery* of counted suspension of bad^na 
added to sUriUzed s<nl 
Counted ty two WDrkei>> &I and J 
Ko of mksxMcope Bdd 


Slide 

1 

2 

8 

4 

6 

0 

7 

8 

e 

10 

11 

12 

18 

14 

18 

10 

17 

18 

ID 

20 Total 

1 

M 

5 

5 

4 

8 

2 

8 

8 

2 

a 

1 

6 

2 

7 

8 

5 

8 

)2 

4 

4 

8 

81 

iS-91 


J 

4 

6 

8 

a 

a 

8 

4 

8 

8 

1 

6 

2 

8 

4 

8 

8 

10 

4 

4 

4 

82 

lS-97 

2 

M 

0 

4 

8 

5 

2 

ll 

e 

a 

12 

8 

6 

T 

4 

8 

7 

8 

0 

8 

S 

2 

118 

3240 


J 

fi 

8 

8 

0 

8 

12 

5 

s 

10 

8 

7 

8 

2 

8 

0 

8 

8 

2 

e 

8 

106 

81 78 

8 

l\ 

10 

4 

S 

4 

2 

8 

7 

1 

0 

8 

6 

6 

8 

8 

8 

4 

6 

8 

6 

4 

102 

14 80 


J 

e 

a 

6 

fi 

8 

a 

7 

1 

0 

8 

6 

0 

8 

8 

8 

4 

8 

6 

0 

4 

102 

i8<es 

4 

M 

8 

5 

0 

0 

4 

8 

8 

0 

6 

0 

8 

0 

8 

4 

2 

e 

1 

2 

8 

6 

08 

18-61 


J 

1 

6 

4 

7 

4 

6 

2 

0 

8 

0 

6 

6 

7 

8 

8 

0 

8 

8 

4 

6 

66 

17-78 


In Table 8 a loganthmic tenes is fitted to the frequency distribution within 
colonics in each sample with Goodness of Fit tested by and an excellent fit 
is obtamed That is the distribution of colomes per field forms a Poisson senes 
and the distribution withm colomes forms a loganthmic senes 

The combined distribution i e. the distribution of total numbers of bacteria 
per shde (see Statistical Note) is proved to be m the form of a negative bmomial 
exjiansioa. Usmg this theoretical prediction the fit of this latter distnbution 
to the total number of frequencies was tested by x* (we Table 9) and agam the 
hypothesis was verified. 

Thus the total numbers per sUde arc seen to fit a negative bmomial distnbu 
tion the parameters of which may be calculated the standard error esbmated, 
and the significance of the mean determmed 
Thus from the counts of the three plot* from Bamfield examined (Table 8) 
it appears that the microflora is more numerous m the plot treated with 
farmyard manure, whereas no significant difference may be observed between 
the plots to which minerals or nothing have been added. This has been borne 
out by several other unanalysed counts. Comparative counts by Thornton s 
ratio method gave slightly lower figures. 

The method has also been used in an attempt to estimate the quantity of 
fungal mycelium m sofi. The tcchmque gives excellent stainmg of mycchum 
but the estimation of it* quantity is difficult owing to the small amount present 
and to the considerable variation m length of the fragments. In order to count 
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a sxifDdcnt number of fragments it is necessary to examme the entire field of 
a loTv power objective, for which a new conversion factor must be calculated 
m order to express the quantity/g Using a 2/8 objective and a x8 
eyepiece, only fungal mycelium is resolved the finer actmomycete filaments 
bong just below the limits of visibility As for bactenal coimts, 20 microscope 
fields on each of four repheate shdes were coimtedL A measuring scale was 
inserted m the eyepiece, and the mdmdnal pieces measured, the quantity of 
raycehum bemg expressed as total length/g soih 

Table 0 Couni of ptects of myceltumfrom three samples of 
soil from Bamfeld 

Total no of pieces 


of mycelhim per Total length (/».) of mycellnm of total no of 

20 fields per £0 fields pieces of mycellam 

< * > / * ^ per 20 fields 


Slide 

A 

B 

Cl 

A 

B 

Cl 

, 

» 

V 

1 

14 

12 

8 

M5-60 

M7 20 

61440 

20 29 

2800 

12-00 

2 

8 

IS 

6 

416-00 

1189 20 

440 20 

17-00 

28-66 

20-67 

S 

12 

12 

0 

1800-60 

1011 20 

260-00 

1800 

1800 

1400 

4 

7 

16 

7 

766 20 

1182-00 

86840 

1300 

21 60 

13-00 


Av no./ 1CK55 13 7B 6«75 Av length/ 881-00 100240 402-00 
slide slide 


The results of such an estunation made on the same shdes as those used for 
the bactenal counts are set out m Tables 6 and 0 In Table 5 the detailed 
observations on sample A are given m Table 6 only the total counts for each 
of the four shdes of the three samples The distribution of pieces of fungal 
mycelium like that of bactenal colonies fell into a Poisson series. The value of 

approximation to the number of degrees of 

freedom (Table 6) 


The nature of the soil mxerojiora 

The soil bacteria m films made according to this method are largely coccoid 
and adherent to the humic matter, few or none bemg attached to mineral 
particles (PL 1) These organisms may be in the form of large Eooglaeal 
colomes (PL 1 fig 1) or may consist of smaller clumps or single mdividuals 
(PI 1 figs 2-7) Frequently groups of laige cocci resembling Azotobacter are 
seen. Long rods have been but rarely observed m fresh soil Staimng vanes 
m mtensity colomes generally bemg more deeply stamed than discrete 
organisms but this has not yet been correlated with viabihty 

The same variable staming Is seen with fungal mycelnim where, on the 
other hand there is strong evidence of coirdation of mtensity of staming with 
viabihty Progressive loss of the protoplasm from the hyphae, due cither to 
decomposition or to its migration to the hyphal tap can be frequently observed 
(PL 1 figs. 8-10) indeed most of the hyphal fragments appear to lack organized 
contents Such hyphae arc stained purple m contrast with the deep blue 
coloration of those filled with protoplasm. This was confirmed by moculating 
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sterilized soil -with fungal mycelium, allowmg it to mcubate for several daj's 
and makmg films from a sample of this soil On these films only deeply stamed 
fungal fragments were seen On the whole, m normal soils mycelium is scanty 
and because of its filamentous nature and very vanable length is not amenable 
to accurate statistics, though useful comparative results may be obtamed 
There were (Table 6) significantly fewer pieces of mycelium present on the plot 
with mmerals than on the plots receiving farmyard manure and no manure 
Lengths of weU-stamed mycehum frequently have humic matenal adherent 
to their walls, probably through secreted mucilage (PI 2, fig 4) This may have 
an important beanng on the formation of soil crumbs Few fungal spores are 
seen Fibres may be distmguished from hyphae by their lack of stammg and 
their polanzation colours under crossed mcols Other plant tissue alpsorbs 
but httle dye and at most has a greenish hue Stamed nematodes are some- 
times seen and what are thought to be earthworm setae can be distinguished 
from fragments of mycehum by their tapermg apices 


DISCUSSION 

The counting method is presented as a new and more accurate technique for 
the estimation of quantity of bactena and fungi, particularly for comparative 
analyses of different field soils It is applicable not only to field samples but 
also to soil samples undergoing experimental treatment It has, for example, 
been successfully used for observing the development of fungi m compacted 
blocks of soil mixed with resins, in the course of an investigation carried out 
for the Road Research Board D S I R (see PI 2, figs 4-6) We also suggest the 
possibility of its wider application with slight modification By using nutrient 
agar instead of plain agar for the soil dilutions and by incubating the soil films 
for several days in a damp chamber before drying and staining, excellent 
preparations of developing bacterial colonies (PI 2, figs 1 and 8) and of 
actmomycete colonies, which stain beautifully, have been obtamed (PI 2, 
fig 2) By using various nutrient agar media m this way much information 
could be obtamed about the specific nutntional groups of micro-organisms in 
the soil and of the relative frequency of dead and living organisms, inability 
to determme which is at present the chief disadvantage of direct counting 
methods as opposed to plate counts 

The direct method of examination and counting may well be applicable to 
solid envuronments other than soil, such as faeces, or sew age sludge Moreover, 
soil films made m agar might be examined b> a petrological microscope to 
idcntifv the chief mineral elements m the soils and to estimate their relative 
abundance A similar statistical anahsis could be applied to this data, for 
a Poisson distnbution of the rare minerals is to be expected 

Tins work was earned out dunnp the course of an investigation on the decomposi- 
tion of resms for the Hoad Research Laboralorv bv one author (P C T J ), and in 
tJic course of an investigation for the Agncultural Research Council by the other 
(J n ^L) 
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Statistical Note 


ByM BLQUKNOUTLLE 


DUinbuiion of colomes per field — Powjon serw 


For a senes of obscrvabons the value of x* calculated from 


2 


can be 


used to test the hypothesis that the observations are distnbutcd m a Poisson 
senes This statistic does not necessarily expose any systematic deviation from 
the Poisson senes but a comparison of the observed distnbution of colomes 
per field with the theoretical distribution expected from a Poisson senes shows 
(Table 7) no systematic deviation. 


Table 7 Ponton ienes fitted to colony counts 


Sample A Sample Cj Sample C, 

Ko of , * . , ^ , , 


eoloales 

Ob*. 

Calo 

Ob*. 

Calc. 

Ob*. 

Calc. 

0 

T 

65 

0 

4P 

4 

4-2 

1 

e 

14-7 

20 

13-7 

0 

12-4 

2 

S4 

10-7 

24 

lO'l 

10 

18 2 

8 

20 

17*0 

12 

17 8 

33 

17-0 

4 

11 

11 8 

0 

12-4 

17 

18 2 

5 

8 

08 

8 

60 

8 

78 

0 and over 2 

4~1 

7 

63 

8 

61 

Totah 

80 

8<H) 

80 

60-0 

80 

80-0 


X*ni“ 

0 10 


>12 08 


'5-88 


m— 

2-68±18 

mn 

2-70 ±10 

maa 

2-05 ±19 


Sampfe B 


No of 
oolotiles 

Ob*. 

Calo. 

0-3 

10 

12 6 

4 

10 

lO-O 

5 

10 

18-0 

0 

12 

12 8 

7 

10 

10-0 

8 

6 

8 1 

0 and over 10 

11 8 

Totals 

80 

80 


X«,„-6 18 

fnnS e4±a7 


No. of 
ookmies 

Samples A and C 

Ob*. 

Cole. 

0 

11 

14-0 

1 

87 

40-0 

8 

04 

572 

8 

66 

63-4 

4 

87 

87-4 

6 

24 

20-9 

0 

12 

16-0 


240 

240-0 


X*(n 

>>8-41 


m«-2 80±11 


OMIII 
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Distribution of bacteria per colony — logarithmic series 

On the following assumptions, which seem reasonably likely, the distnbution 
of colomes consisting of 1, 2, 3, 4, n individuals is given by the successive 

terms of the logarithmic senes — log, {1— +— +— + H h, with 

2 3 4 n 

QIP 

(i) In a fixed mterval m time, the probabihty of a colony of size n becoming 
a colony of size (n + 1) is proportional to ny", i e is proportional to the size of 
the colonj’^ times a dampmg factor, which could be taken as umty 


Table 8 Logarithmic senes fitted to counts of bacteria per colony 


Bacteria Sample A Sample Cj Sample C, 


per 

1 

\ 

/ 

A 

1 



colony 

Obs 

Calc 

Obs 

Calc 

Obs 

Calc 

1 

116 

116 0 

108 

112 5 

140 

130 6 

2 

68 

434 

47 

445 

40 

48 0 

8 

11 

21 5 

2G 

23 5 

20 

22 5 

4 

18 

12 0 

10 

14 0 

12 

11 9 

5 

4 

7 1 

15 

8 9 

7 

07 

G 

5 

44 

6 

50 

0 

39 

7 and over 

12 

87 

10 

13 7 

6 

05 

Totals 

214 

214 0 

223 

223 0 

280 

230 0 



8 81 

X*«) = 

6 54 


1 94 


x= 

0 743 + 0 026 

!E = 

0 794 + 0 022 


0 704 ±0i 


Bacteria 

Sample B 

A 

Samples A and C 

A 

per 

f 


t 



colony 

Obs 

Calc 

Obs 

Calc 

1 

243 

249 8 

359 

302 1 

o 

111 

90 0 

140 

130 1 

3 

39 

49 3 

57 

08 3 

4 

32 

28 5 

41 

38 5 

5 

15 

17 6 

20 

28 2 

0 

11 

11 1 

17 

14 5 

7 and over 

24 

23 3 

27 

30 3 

Totals 

475 

476 0 

073 

073 0 


X*(si 

= 540 


3 91 


X 

= 0 770 + 0 010 

a;= 

0 752 + 0 014 


(ii) In a fixed inters al in time, the probability of a colony of size n breaking 
into two or more colonies is proportional to nz^, i e is proportional to the size 
of the colony times an increasmg factor, which could be taken as unity 
(ill) The probabihty that the break-up of a colony of size n will produce 
a colon}, of size m is proportional to 

where — l This is the binomial probabihtj that the division of n balls 

into at least two sets will result in a particular set having m balls in it 

(i\ ) The distribution is stable, i e it is not altering to any extent with time 
Comparison of the observed distribution with the theoretical (Table 8) 
shows no svstematie deviation 
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Ihsiribtition of hudena po" field — negatwe hxnomial eenes 
If we assiime both the Poisson and logarithmic senes to represent the 
observed distributaons very closely, then the expected distribufaon of bactena 
per field may be shown to be successive coefficients of the negative bmomial 
(1— a;/ (1— 

As yet there is insufficient data to test this distribution adequately How 
ever, since no significant difference has been observed between samples A, 
Cj and C, (see next section) these samples have been combmeiL 


Table 9 Negaiwe hxnomial eerxti fitted to hadenal counts 
Samptet A and C 


No of 
bacUzla 

Obt. 

Max. UkcUbood 
fit 

Calc- flt 

0 

11 

ia-0 

14*0 

1 

17 

21'0 

22-0 

2 

81 

24-0 

248 

a 

24 

20H 

247 

4 

20 

94*2 

23*4 

B 

18 

22-0 

21 1 

0 

19 

10>t 

18 S 

7 

10 

10 7 

15 9 

8 

18 

14*1 

18 6 

9 

17 

11 7 

11 8 

10 

6 

9-0 

08 

11 

8 

78 

70 

12 and over 

81 

80-C 

88 8 

Totok 

240 

240*0 

240-0 



X-<,„-9‘08 
fl^S2 
• C3O780 

jc*,h,«»0-66 
^■>2-0 
9-0 752 


The negative bmomial can be fitted by the method of maximum likelihood, 
or alternatively by using the observed values of m and x to calculate the 
parameter g The fitted series for both methods are given in Table 9, where it 
IS seen that both methods, m this case, give adequate fits to the observed 
figures 

Use of analysis of variance 

(o) On counts of coJonxes 

The analysis of vanance can be used to test the technique used m counting 
colomes A comparison of the variations between slides and the variations 
between counts on the same shde will mdicate whether the variation between 
sbdes and the variation between replicate films made from the same sample of 
soil is likely to be large. We can also compare the samples and C, to 
investigate whether the variation between samples of the same soil is large. 

Before carrying out the analysis of variance, the square roots of the counts 
were taken to normalize the data. Under this transformation we will expect 
the mean square between counts on the same shde to have a value tendmg to 
1 /4, and any large denabon from this value can only be due to some fault m the 

3-3 
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technique From the analysis of vanance of the counts of colonies (Table 10) 
it IS seen that the variation due to the technique is small, and furthermore that, 
although there is no significant difference betiveen samples A and C, there is 
a large difference between sample B and the other samples 


Table 10 Analysts of variance of colony counts 


Sample B v other samples 

Degrees of 
freedom 

1 

Sum of 
squares 

89 816 

Mean 

square 

Sample A v samples C 

1 

0 479 

— 

Sample Ci v sample Cj 

1 

0 047 

— 

Between shdes of the same sample 

12 

4 828 

0 402 

Between counts of the same shde 

804 

79 089 

0 200 

Totals 810 

124 269 



{b) On counts of bacteria 

The same technique can be used on the counts of bacteria The mean square 

between counts on the same slide will, m this case, tend to the value 

1 e approximately 1 The analysis of variance is given m Table 11, tlie 
conclusions bemg the same as above 


Table 11 Analysis of variance of bacterial counts 


Sample B v other samples 

Degrees of 
freedom 

1 

Sum of 
squares 

95 022 

Mean 

square 

Sample A v samples C 

1 

1 882 

— 

Sample Cj v sample C, 

1 

1 543 

— 

Between shdes of the same sample 

12 

14 409 

1 201 

Between counts of the same shde 

804 

805 862 

1 004 

Totals 319 

418 758 
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EXPLANATION OF PLATES 

Pl*iTX \ 

Figs. 1-7 from Bamfleld manured plot. Flgi. 8-10 from BnyadbaDc manured pkrL 
Blagniflcatlon x 1000 

Large xooglccal coloof 

Small mucoid colony of coed, ozmI ch^lrn of rods. 

ColoolcJ of coed with adherent httmlo mateilaL 
Single bacterial cells. 

Mucoid colony of large eded. 

Colony of tmall oood 
Chain of coed. 

Hyphol tip— Intense staining of prepamtlotu 

Strand of mycelium with lysU or ralgmtlon of protoplasmic contents. 

. Hypha with only cdl wall remaining (purplish staining of preparatfon). 


Plate 2 

1-3 Nutrient agar film of allotment soO incubated 24 hr Figs. 4-0. FQm of crushed 
f Harnsondfworth brlck^earth +l%RosIa. ilagnificatton xlOOO 
&)lony of large copsulatcd coed with mineral cryitaL 
Young actinorayc^ oolony showing bmnchlog and fragmenting filaments. 

Young colony of rod-ihaped bacteria. 

Fungus myedhon with adherent humos. 

PenMUiim tp oonldlophore 
AsjKrgiUtu tp conldlopbore 


(Secerned 12 July 1917 ) 
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The Production of Spores by Penicillium notatum 

By ilARY C FRANK, C T CALAJVI and P H GREGORY 
Imperial Chemical Industries Ltd , Biological Laboratories, Manchester 

SUMMARY Penicillium notatum gives high yields of spores on media containing 
carbohydrates, ammoma and an orgamc acid such as citnc, tartanc, or succmic acid 
The media are similar to those which are good for the production of pemcilhn, but 
the choice of orgamc acids is less restncted 

Of phy^sical factors mfluencmg the yield of spores the most mterestmg was vanation 
m the volume of medium Withm certam lumts the number of spores produced 
depended almost entirelj’^ on the volume of the medium and not on the surface area, 
1 e the yield of spores/umt area depended on the depth of the medium An mcrease 
m the concentration of metabohtes above normal level did not greatly mcrease the 
yield of spores, and the addition of further nutnents to a previously used medium gave 
only a small second crop The production of spores therefore appeared to be limited 
by the accumulation of toxic substances m the medium 

• 

An important step in the production of pemciUm is the preparation of the 
spore suspension of Pemcilhum notatum to be used as inoeulum, and several 
groups of workers have already described media and conditions of growth 
which jneld large numbers of spores {Moyer & Coghill, 1946 , Gailey, Stefaniak, 
Olsen & Johnson, 1946) In the course of our work on pemcdlm it was desired 
to extend our knowledge of the factors governing the production of spores by 
P notatum, m order to obtain the best results m large-scale work This paper 
reports the results of mvestigations on methods for the growth and recovery 
of large numbers of spores, and on the effects on spore production of the 
composition of medium, temperature of incubation and the volume and surface 
area of the medium 


EXPERIMENTAL 

Methods 

Strain The strain of P, notatum used was that used m these laboratoncs 
for the production of pemcdlm by surface culture It was selected from the 
well-known Peona stram, N R R L 1249 B21, and designated by us P nota- 
ium M2 

Conditions of gro-cth To ensure reproducible results the spores must be 
groivn under standardized conditions, rcmo-ved completely from the medium 
and counted b\ a reliable method In our experiments we secured the necessary 
conditions b\ a ‘roll-culture’ technique suggested to us by our colleague 
Dr A Parker, follow ed by counting the spores in a haemocytometcr For this 
purpose 250 ml quantities of medium were placed in 40 oz milk bottles, 
4°o agar added and the bottles plugged and autocla\ed The bottles were 
allowed to cool to 40-50° and the agar set on the walls m an even layer by 
careful rotation under a stream of cold water After testing for sterility by 
incubation for 3-4 days at 23-24°, the bottles were inoculated with 2 ml of 
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a suspension containing 6 x lO"^ spores/ml , carefiilly rotated to distribute the 
spores over the surface, and then incubated in on upright posibon in a constant 
temperature room at 28-24® 


Coutirtng of spore stupmsions 

(a) DiredTTirthod After mcubation of the cultures the spores were harvested 
by adding about 60 glass balls (c 0 6 cm in diameter) and 60 ml water 
containing 0 1 % (v/v) Calsolene Oil (Imperial Chemical Industries Ltd , 
Dyestuffs Division) and then rotating the bottles mechanically at 100 r p nu 
until all the spores had been brought into suspension, as determined by 
inspection. After suitable dilution the spores were counted m a haemocyto- 
meter Eighty small squares mm.* ^ mm thick) were counted and these 

usually included about 200 spores An experiment was earned out to ascertain 
the numbers of bottles and counts that should be used to obtain repeatable 
results In the experiment three bottles were treated in an identical fashion 
four similar dilutions were made from each bottle, and four counts made on 
each dilution (Table 1) 


Table 1 Counting of spore suspeTistons from three bottles of ^medium 


(lledhimj glycerol +mola«e*+peptxm« ftgax ) 


The spores were stupeoded la SO mt of CoboleoeoQ water onddlloted 1/1^1 BOTHsqnun 
haemo^tometer squares were ooooted. 


Bottle 

no 

1 


Ueans 

3 


Means 



Cotmts of dOntlon no. 


Means 

per 

bottle 

1 

2 

8 

4 

275 

816 

200 

218 


265 

207 

224 

320 


819 

803 

203 

192 


801 

200 

289 

819 


2W 

8X8 

228 

218 

261 

B25 

248 

887 

854 


824 

271 

818 

208 


802 

270 

281 

208 


245 

313 

295 

211 


814 

360 

808 

260 

285 

370 

257 

268 

82S 


280 

297 

388 

275 


824 

240 

240 

224 


24i 

250 

256 

280 


3T9 

202 

262 

268 

207 


There was no significant variation between bottles but two samples out of 
one bottle gave significantly lower results than the others The overall standard 
deviation between repeat counts from the same sample was 16 % which is 
greater than the theoretical figure of 0 % for shde counting methods with mean 
counts of 260-800 It was concluded from the analysis of the data that to 
detect differences of 15 80 and 100% from a given overage value 6, 2 and 1 
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counts respectively were required However, owing to the possibility of an 
occasional abnormal sample or bottle, at least tvo bottles should be sampled 
m each case, and more than one sample from each bottle should be diluted 
and counted 

In each of the experiments described below, three or four bottles were 
moculated, three samples were taken from the spore suspension prepared from 
one bottle, the samples were bulked, diluted, and two counts made on the 
resultant suspension This procedure was repeated for the other bottles, so 
that the figures quoted are usually based on at least six counts. The yield of 
spores was calculated as the number/ml of medium 

( 6 ) Dens^tometnc method As an ^temative and less laborious method of 
determimng the numbers of spores m suspensions we tried a densitometnc 
method, using a Spekker photometer This method was suggested to us by our 
colleague Miss K M Wood, who had obtamed encouragmg results, usmg the 
M 2 stram of P notaitim and the glycerol-molasses medium We exammcd 
suspensions grmvn on the eight media referred to m Table 4 "WTien the log of 
the concentration of spores was plotted agamst the log of the extinction 
coefficient straight lines were obtained which were parallel and lay very close 
together when two bottles of the same medium were taken With different 
media, however, the pairs of Imes were widely separated and were not parallel 
These results show that although the method may be valuable for routine 
purposes it is unsuitable when a vanety of media are being tested The dif- 
ferences which we encountered could not be removed by usmg filters to com- 
pensate for difference m the colour of the spores or the liquid m which they 
were suspended 


RESULTS 

Media containing glycerol, molasses, and peptone 

The medium used was a glycerol molasses peptone medium based on that of 
Moyer 1*1 Coghill (194G), which prelimmary tests had shown to be as good as 
any The modification used by us had the following formula (figures show 
% (■" /' ) tliroughout) glycerol, 1 , molasses, 1 , peptone (bactenologiCal, 
E\ans Jledical Supplies, Ltd ), 0 5, NaCl, 0 5, KHoPO^, 0 006, JlgSO^ TlIjO, 
0 05, FeSO^ THA 0 0012 , MnSO^ 4 H 2 O, 0 004, CUSO 4 5H,0, 0 004 This 
medium was made up with tap water and adjusted to pH G 5 with NaOH and 
sohdificd w ith 4 % agar 

Pixliminarj tests with 25 different media showed that this recipe gave the 
highest \ield of spores Some of these media contained various ^cgetahlc 
c\tracts onh, whilst others consisted of Czapck-Do\ solution to which the 
extracts were added The best xiclded 20-80 million sporcs/ml medium The 
gKccrol-molasses recipe usualK jieldcd .'500-500 million sporcs/ml medium 
Subsequenth a number of ssmthetic media were tested, and some of these gas c 
similar \ lelds 

The optimal concentrations of salts and other constituents m gljcerol 
molavscs pcjitonc media were tested In a simple facton il expenment in which 
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media TTerc made up containing the salts at 50, 100 and 200 % of the usual 
concentrations and glycerol molasses and peptone m the same proportions 
(Table 2) 

Table 2 Produdion of spores mth d^ereni eonesntraiions 
of xngredisTUs 

The yields are baaed on coonti made cm tlie 6th day CounU made on the Brd and 10th 
dayi gave g^mllar reculti 

Coacentratlon of saltt, % of normal 

ftO 100 200 

Yidd of epoTta (mOUoQi/mL medium) 


Concentration of glycerol, 

f 50 

248 

202 

220 

molasses and peptooe] 

100 

218 

SSi 

820 

% of Donnal 

L200 

200 

S&4 

308 


TJie best results were obtamed with the two higher concentrations of 
ingredients The dilFerence between the yields given by these concentrations 
was too small to be detected m this eicpcnment. 

In Einother experiment two levels each of glycerol molasses peptone, volume 
of medium and concentration of agar were used (Table 8) 

Table 8 Produdion of spores roxth different conceniraiions of 
nutnenis and agar and volume of medium 

Agar8% AgaxS% 

« ■ * ■> 

VoL medium (mh) 160 800 lAO 800 

Yield of tporea (miUloTu/mL medhira) 8th day 

^ — ^ - - — - - 

Concentration of g l yc er ol, m nl a ne i f SO T3 184 22 08 

and peptone % of normal \100 lOS 340 lOO 805 

The results show highest production of spores with normal concentration of 
nutrients and 800 mb medium The mcreasc in the concentration of agar 
decreased the yield of spores Counts made on the 4th day showed similar 
effects. In other experiments an mcreasc m the concentration of the medium 
above the normal usually produced small increases m the yield of spores 

SpntheHe media 

Although the media so far described give high yields of spores a brief study 
of BjTithetic media was made, since they mighti be more reliable Gailey d al 
(1046) concluded that, of the substances m the glycerol molasses peptone 
medium the peptone was the most important for the production of spores 
In an mitial experiment spore produchon was measured on a basal medium 
contammg the salts as used m the glj ccrol molasses peptone medium with the 
addition of sucrose (0 5 %) molasses (1 %) peptone (0 6 %) aqueous ammonia 
spgr 0 880 (0 88%) glycerol (0-6%) acetic acid (0 75%) (all % w/v) The 
combinations used a half repheate of the full factorial design and the jnelds 
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are shown m Table 4 This type of experimental design is based on the work 
of Finney (1945) Although a half-rephcate is not usually recommended for 
so few factors it was considered worth while m this case as the experiment was 
only exploratory, and by this means a representative set of treatments was 
obtamed 


Table 4 Production of spores on synthetic media 

The treatment combinations tested and the yields of spores are shown m the upper hnes, 
flo indicatmg the presence of sucrose, a, the presence of molasses, b the presenee of peptone, 
etc In the analysis the comhmations are shown diagrammatically, together with a summarv 
of the mean effects produced by each mam factor ‘aiean sucrose’ represents the mean 
yields of all media contaimng sucrose, ‘mean molasses’ the mean of all with molasses, etc 


Combmation of factors Oabd^ flocdo Oibcdg a^d^ Ogbed, a^bd, aicd^ 

Spores (imlhons/ml medium) 4 121 4 ICO 1 17 08 11 

incubated 10 days 

Analysts 


No ammoma 


c = ivith ammonia 



Yield of spores (milhons/ml medium) 


r 

do = glycerol 

A 

% 

acetic acid 

Oo 

= sucrose ai= molasses 

1 

Co = sucrose ai= molasses 

[No peptone 

6 = with 

— 4 

121 — 

1 — 

— 08 

, peptone 



No peptone 

6 = with 

4 _ 

— 100 

— 11 

17 — 

. peptone 

Main effects 

Mean yields of spores 
(milhons/ml medium) 


Mean sucrose (Oj) 30 

Mean molasses (Ci) 02 

Mean wthout jieptone ( — ) 6 

Mean with peptone (6) 03 

Mean without ammonia ( — ) 49 

Slean with ammonia (c) 49 

Mean glj ccrol (do) 74 

Mean acetic acid (d,) 24 


The largest effect was due to peptone, whieh markedly increased spore 
production Glycerol was supenor to acetic acid, which was the next factor m 
order of importance No reliable conclusions could be drawn as to the 
companson of sucrose and molasses and the effect of ammonia The indications 
were that molasses might be superior to sucrose and that ammoma had no 
effect 

Tlus experiment confirmed the importance of peptone as a factor for sporu- 
lation and also showed that glj cerol was supenor to acetic acid In subsequent 
expenmen ts glycerol was therefore added to all media 

Peptone is nch in ammo-acids, which probably act as sources of nitrogen 
and carbon. It was thought that the peptone might be replaced by a smtable 
mixture of ammoma and a carboxylic acid Tlas possibility was suggested by 
the bchaeiour of symthctic media used for pemcillm production, which were 
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foiind to be greatly improved by the addition of 0 5-1 5 % (w/v) of citnc acid. 
Media were therefore made up to contain 0 76 % (w/v) of various orgamc 
acids and the production of spores was measured A parallel set of cultures 
■was prepared -with sUghtly different basal medium and the production of 
pemciUm measured The results of this caqieriment are sho^m m Table 6 The 

Table 6 Prodxuixon of sporet and pemctlltn on ryjdheUc media 

TTic boBal medlom contained lactoae 2% (w/v) glycerol 1% (v/v) NnQ 1% (w/vX 
(NH*),SO* 0 5 % (w/v) salt mixture \ % (v/v) KH^PO* 0-1 % (w/v) NaF 0 001 % (w/v) j 
with the addition of glucoao 2 % (w/v) for cporulaUon or glucose 0-S % (w/v) and pbenyi* 
acetic add 0-05 % (w/v) for pcnlcimn production AH media were adjusted to pH S-T-C-O 
withKOH The saltnib^re contained iigS04 7H|0 60g FCSO4 7H|0 2g 4HjO 

1 g ZaS04 6H4O 1 g { CuSOj 5H|0 1 g CofNO,), 0U|O 2 g water 1 L 



SpOTta 

Penicillin 

Add added 

(miUions/mL medium) 

unita/mL 

(0*75%) 

(0 days) 

(10 days) 

NU 

0 

0 

atrio 

340 

08 

Lactlo 

104 

0 

Sucdnlo 

262 

42 

Tartaric 

816 

06 

GlycoQlo 

178 

Trace 

Acetic 

242 

0 

Oralio 

204 

0 

BlallQ 

224 

86 


basal medium is seen to be not the most suitable for the production of pemdllm 
and the titres recorded were relatively low However it 13 mterestmg that 
citnc, suedme tartanc and mohe acids gave good yields of spores and penicillin 
while other adds gave many spores but no pemcillin There was m this senes 
no instance m which there was a good yield of pcmcfllm and a poor yield of 
spores. In th^ absence of an organic acid only mycelial growth occurred during 
the rather short meubation penod 

The results of other experiments which illustrate the high tpore-yieldmg 
properties of synthetic media are illustrated by Table 6 Although the addition 

Table 6 Production of spores on synthstte media 

Basio medhnn mcM u for Table 4, Incubated 6 days. 


Spores, mlUkms/mL 

No, Addition (%) roedhtm after 0 days 

1 NU 4 

2 QtrioaddOS 140 

8 Citric add 1*0 440 

862 (when repeated) 

4 Cltzfo acki 0*5 acetic add 0 35 872 

6 Glycerol 1*0 cttxio add 0-5 563 

280 (when repeated) 

6 Glycerol 0 5 lactic add 1-0 230 

7 Glycerol 0-6 dtrlo add 1-0 (NH4)|S04 258 

025 

8 (NH*)jS 04 0-25 lactic add 0*5 0 

Control Glycerol+molasaas+peptooe agar 800 
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of more glycerol had an appreciable effect, the addition of citric acid gave the 
most stnkmg results The yields of spores seemed to be about equal to those 
obtamed with the glycerol molasses peptone medium These synthetic media 
contain a high concentration of carbohydrate and of carbon m the form of an 
orgamc acid, the presence of organic nitrogen seemed relatively unimportant 
The best media for the production of spores vere not unlike those which are 
suitable for the produetion of pemcdlm, but for the latter purpose the range of 
orgamc acids is more restneted 

The mechanism whereby the addition of orgamc acids increases the yield of 
spores remains unknown Several authors have shown that the dry eight of 
mycelium produced by Phycomyces blakesleeanus is increased by addition of 
organic acids to the medium Thus Leonian & Lilly (1940) concluded that the 
addition of organic acids facilitated the utilization of unfavourable nitrogen 
sources such as ammonium nitrate Burkholder & McVeigh (1940), reporting 
similar results, suggested that these acids might be acting as a supplementary 
source of carbon They also shov ed that the addition of organic acids mfluenced 
the type of sporangia which v ere produced 

Effect of different cultural conditions on spore production 

The follounng expenments u ere carried out m the glycerol molasses peptone 
medium described above Small-scale trials showed that spore production was 
best at 23-24° The yields of spores u'cre less at 20 or 28°, although at 28° growth 
and colour were apparently excellent For example, after 6 days the spore 
yields verc 320 and 80 million/ml medium at 24 and 28°, respectively The 
importance of making direct counts instead of judging by appearance was 
emphasized by this experiment 

Inoculation wth 2 ml of spore suspension, as described above, was found to 
be satisfactory With 8 ml of the same suspension spore production seemed 
rather less, this, hovever, vas not studied m detail The number of spores 
present vas usually greatest after 4—5 days, cover by mycelium being attained 
after 1-2 daj s and a green colour appearing after 3 da 3 '’s Table 7, which sliovs 
the results of an expenment on the cfTcct of volume and depth of medium, 
illustrates this point In this experiment the production of spores in milk 
bottles IS compared vith that in Winchester bottles 


Table 7 Spore production with different volumes of medium in 
mill bottles (M B ) and Winchester bottles (Win ) 


\ olumc of me- 
dium (ml ) 

75 

150 

300 

^ 


C50 

* 


r 


A f 

* • 

A 



1 


M B ^\ m 

M B U in 

M B 

M in 

M B 

Win 

Mean 

T A . « . 


Spores (mdlions/ml 

medium) 




|} IN s 

t 






* 

•» 

76 or, 

21 »2 

0 

21 

8 

0 

II 

> 

278 >80 

415 U7 

'll? 

217 

1 17 

120 

200 


403 >20 

331 310 

130 

481 

201 

•01 

’02 

0 

4”1 437 

!>. 0 OJO 

4 13 

557 

173 

1-17 

177 

<» 

CUJt 081 

120 tlO 

J81 

1S5 

1C3 

278 

-01 
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It will be noted tlmt the counts were highest on the 4th and 6th days. The 
marked fall m number of spores by about the 8th day is characteristic. It may 
well be due to the germination of some of the spores either tn tttu or after 
falling from the comdlophorcs, so that they are no longer recogiutable as 
spores a detailed examinatioa of this pomt was not mode 


Dtpth of medium 

A preliminary experiment suggested that the production of spores per umt 
area of medium was roughly proportional to its depth. This effect was somewhat 
unexpected and does not appear to have been previously reported A large 
experiment was therefore set up m order to in-v estagate it further The same 
volumes of medium (76 160 800 and 660 ml ) were used m milk bottles and 
80 ox Winchester bottles The mtcmal dimensions of the latter were approxi 
mately H cm diameter by 28 cm long As the surface area of a Winchester 
is about double that of a milk, bottle, comparable thicknesses were obtained in 
three instances Counts were made on the 2nd, 8rd 4th, Gth and 9th days 
there bemg usually three replicate bottles (Table 7) The mean values for the 
4th and 6th days together with the yield of spores per umt area of medium 
surface are given In Table 8 

Table 8 Produetton of tporct on different depths of medium 
(AH cpm coooU are in mnUoni.) 


Volume 

(ml.) 

Depth 
(mm ) 

Surface area 
(cm.') 

Spora/bottie 

Spwrea/mt 

meditun 

Sp»T«/csn.' 
isedlnm vuriltce 

75 

S 

410 

tlOk bottles 

82,500 

483 

79 

150 

4 

804 

88,500 

600 

324 

800 

6 

850 

118 000 

808 

883 

050 

20 

340 

128,500 

190 

498 

76 

1 

785 

Wioebeften 

20 400 

392 

88 

160 

a 

774 

88 600 

500 

113 

800 

4 

760 

101 000 

68T 

214 

050 

0 

081 

242 400 

578 

850 


The yield of spores lay between 400 and 600 mOhoD/inl of medium under 
the various conditions tested, except when 060 mk medium were used, with 
a consequent diminution of the ratio of surface to volume. The production of 
spores per imit area appears to be fairly directly related to the depth of the 
medium up to depths of about 8 mm. when there is some falling off (Table 9) 

Table 9 Spore production vnth different depths of medium 


SpoT»/cm • (millions) 


Depth of 
medlnm (ram.) 

^VInchesteTs 

MQk bottles 

Mean 

1 

88 

— 

88 

3 

113 

79 

90 

4 

214 

224 

210 

8-0 

850 

382 

344 

20 

— 

408 

408 
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The volume of medium is thus more important than surface area m governing 
spore production A doubhng of surface area (milk bottles to Wmchesters) 
only mcreases the jueld if the depth remains constant, and a similar mcreasc 
in }neld of spores would have been obtamed if the larger volume of medium had 
been put m the milk bottles With milk bottles, however, the surface area falls 
off with mcreasmg depth, and the relationship was less marked when the 
thickness reached 20 mm 

It is mterestmg to note that the production of pemcilhn is also influenced by 
the depth of the medium Thus with a medium containing com-steep hquor 
and lactose m 250 ml conical flasks the peak titres of penicdlm were mcreased, 
and the jnelds of pemcilhn per cm ” of surface with depths of 4, 8, 16, and 24 mm 
vere 45, 128, 243 and 250 umts respectively, the optimum corresponding to 
a depth of about 20 mm The shallower layers reach their highest titres much 
earher than the deeper ones 

Factors limiting the ‘production of spores o/Pemcillium notatum 

The association between the depth of medium and number of spores produced 
per umt area suggested the presence of some factor related to the volume of 
the medium which controls the production of spores Possible evplanations 
are (i) that the larger volume of medium m the deeper layers would contain 
more nutrients and the yield should therefore be greater, (ii) the mould might 

Table 10 Spore production on previously used media 

Bottles of single or double strength medium were inoculated and incubated 0 days The 
spores were remoicd In the unmelted set, fresh solutions of glyocrol, etc , ticre added and 
the bottles rotated until the solution was absorbed In the others the agar medium was 
melted, the mj cchum remoi cd and the medium reset on the ivalls 




Spores, milJlons/ml of 

-JL 



f 

Single 

y 

Double 



strength 

strength 

First crop 

after 0 days 

medium 

medium 


410 

470 

Second crop 

after 4 daj s 



Lnmclted 

No addition 

43 

GO 


Mith gljccrol molasses 

83 

— 


Mith gljccrol molasses 

24 

— 


and peptone 



Melted 

No addition 

8 

91 


Milh givccrol molasses 

70 

— 


M ith ghccrol molasses 

112 

— 


and peptone 




produce substances which would accumulate in the medium and thereby 
prci ent growth, and with larger quantities of medium more spores could be 
produced before the concentration became sufQcient to interfere wnth the 
process 

The ex-penments illustrated b\ Tables 2 and 3 suggest that merelj increasing 
the quantitj of nutnents nboxc the normal would not be sufficient to account 
fo' the obsened effect, for the effect of increasing the concentration of the 
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nutrients usually n'as not as great as that obtained if the volume ivas doubled. 
Increasing the salts supphed cither directly or mcidentally by mcreasmg the 
quantity of agar nvould be unlikelj to accoimt for the observed efTcet. 

Both possibilities Tvere exammed by attempts to obtam a second crop of 
spores from once-used medium It vras found that if the first crop of spores 
was milled off further production of spores was only slight, very small yields 
were also obtamed when the medium was melted, the old mycelmra removed 
the medium resohdifled on the walls and remoculated. Rather larger yields 
of spores were obtamed when more nutrients were added before resohdifymg 
The rather small size of the second crops appeared to be due to the presence of 
Inhibiting substances The pH of used media was found to be m the range of 
6*0-6 5 which Is similar to the original one. The addition of small quantities 
of acid or alkali did not mcrease the size of the second crop of spores These 
statements are illustrated by a typical experiment recorded m Table 10 
‘Melted* and unmelted sets were included m order to find out whether the 
tone substances preventmg further sporulation were thermolabDe, Out results 
are not conclusive on this point but are sufficient to indicate that heating had 
httle or no effect upon them. 

Wo wish to acknowledge the guidance we have received from Dr 0 L. Davies In 
the planning end analysis of the results of some of the experlmentj described In this 
paper 
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An Asporogenous Variant of Streptomyces griseus 

By J CHRISTINE APPLEBY 

Research Department, Bacteriology Division, Boots Pure Drag Co Ltd , Nottingham 

SUAEMARY A non-sporulatmg form of Streptomyces griseus occurred spontaneously 
m culture It appears to be a true variant of the species Ultra-violet irradiation 
stimulated the variation The variant ivas readily isolated on media containing 
relatively large amounts of organic nitrogen, but capable of propagation upon \ erj 
simple media The fact that the variant can be stabilized throws some doubt upon 
the ^ ahditj* of the present basis for elassification of the actmomycetes 

It IS now well known that Streptomyces gnseus, m common with other actino- 
mvcetes produces m culture media vanants showing distmct cultural and 
biochemical features Of these a grey and a white colony variant (see PI 1, 
figs 1, 4) have been descnbed (Schatz & Waksman, 1945) The former ones its 
colour to an abundant pigmented aerial mycehum, a feature which is associated 
with streptomycm production, whereas the white vanant is less actively 
sporulating and produces insignificant amounts of streptomycin ^A third 
colony tj'pe was also descnbed by Schatz & Waksman which was non-sporu- 
latmg and did not form streptomycm This reverted spontaneously to the 
parent form 

As a result of examination of a large number of species m the Actinomyces 
group, Afanasiev (1937) found that m the pathogemc but not m the sapro- 
phjdic t j-pes the amount of aenal mycelium produced was greatly influenced by 
the nitrogen content of the medium Other workers (Waksman, 1919 , Enkson, 
1947) have under certain conditions obtained cultures of species of actino- 
m\cetes, which were devoid of any aenal mycelium, and this is usually 
considered to be a transitor}' condition, occurring particularly on media rich 
m organic mtrogen However, sporadic appearances of an asporogenous form 
of Str gnseus m cultures of the punfied grey vanant grown on simple liquid 
media threw some doubt upon this conception Its appearances could not be 
attnbuted either to an initial excess of organic nitrogen or to ennehment of 
the medium b} autoh’tic products of the associated grey mycelium 

Isolation of the asporogenous form of Streptomj ces gnseus 

Examination of a large number of strains of Sir gnseus shoved that the 
asporogenous form could be obtained and propagated on a aarictj of media 
Its frequency vasmarkedh increased In ultra-Molct irradiation of .9/r gnseus 
spores It represents a a ariation from the normal ta pe as abrupt, discontinuous 
and complete as the avhitc aanant, and the cultures isolated are a era stable 
Tlic same methum maa giae nsc to normal grea, aahite and asporogenous 
grov ‘hs the 1 ist taao appearing sometimc-s as sectors in grea colonies It avould 
thc’efo-e appear that thf asporogenous form of Sir gnseus maa represent a 
mut 1 * na ntlier thin a tempomra response to a particular culture medium 
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Vanani o/Streptomyces gnseus 

The asporogcaotis vanants were purified by plating and unlike those of 
Schati & Waksman^ were found to be very stable. Morphologically they 
consist of undifferentiated vegetative mycehum composed of hyphae of very 
uniform diameter which tend m old cultures to break up mto segments 
resembling oidia. Though they will grow on a wide variety of media the 
frequency of their appearance is governed to some extent both by the amount 
and the state of the nitrogen present. For example firceze-dn^ cultures of 
the grey variant gave nse to permanently asporogenous colomcs m the first 
generation on media containing peptone or gljcme, but not on Crapek (sodium 
nitrate) agar or ammonium sulphate agar (Schatz & Waksman 1045) and the 
proportion of the asporogenous type increased with increased amoimts of 
peptone or glycme. The asporogenous vanant comprised 12 6 % of the total 
colomcs from a purified grey vanant on a medium containing 1 % peptone and 
0 6 % meat extract, but less than 1 % on a medium with 0 5 % glycme as the 
only source of rntrogen. 

Though the osporogcnoiu vanant could not be isolated from grey cultures 
on Czapek or ammomum sulphate agar it could be propagated upon these 
media, and was in fact able to grow though poorly, on a synthetic medium 
containing washed agar and no added mtrogen- With peptone glycme or 
ammonium sulphate as the mtrogen source the vanant grew well Wth from 
0 6 to 1 % peptone (PL 1, fig 2) growth was relatively rapid and profuse, and 
single colomes reached a diameter of 80 mm., when they lort their characteristic 
tenaoous consistency and became fnable, growing upwards in vertical ndges 
with marked pigment production 1% of glycine or ammonium sulphate 
produced a similar effect, but without pigment. With comparable amounts of 
sodium mtrate or with decreased amounts of glycme or ammomum sulphate, 
g ro wt h was much more scanty (PL 1 fig 8) 


StaJnliiy of the asporogenous vanani 

Reversion by purified cultures of the asporogenous vanant docs not occur 
readily and was never found, during 5 months* observations on media where 
growth was either abundant or very poor Cultures have been kept for many 
weeks on peptone and glycine media, and on a nitrogen free medium without 
any detectable macroscopic or nuCToscopic evidence of spore formation 
- (PL 1 fig 6) Partial reversion occufred most readily on media containing on 
inorganic nitrogen source m such concentration that growth was neither profuse 
nor too sparse. Thus where the nitrogen content of the medium consisted of 
0 005-0 05 % of ammomum sulphate or sodium nitrate a white powdery 
surface film developed on prolonged mcubation, often appealing first as 
papillae or m conccntnc rings (PI 1 fig 6) Subculture* from these colomes 
invariably reproduced the asporogenous form with a varying proportion of 
feebly sporulatmg colomes resembling a poorly developed white vanant. It was 
not possible to reproduce a parent grey variant on any medium It is conceiv 
able that even this feeble tendency to reversion might be ehmlnated by selectiori. 

It therefore appears that the asporogenous growth of Sir gnseus represents 
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a true variant of the species, possessing greater stability than the parent form 
The presence or absence of aenal mjmehum has been used as a major cntenon 
m classification of the actmomycetes, mability to produce this being a dia- 
gnostic feature of the Actinomyces group 116 (0rskov, 1923) and of the genus 
Nocardia (Waksman & Hennci, 1943) Consideration of the fundamental 
relationship between asporogenous and sporulatmg types and of the capacity 
of sporogenic forms to give rise to those permanently asporogenous might 
perhaps help to ehmmate some of the present imcertamty m the nomenclature 
of this group of orgamsms, and place their systematic relationships upon 
a surer foimdation 

The author wishes to evpress her thanks to Sir J Drummond, F R-S , and to 
Mr C E Coulthard for their helpful mterest m this work, and to Mr P H. Johnson 
for the photographs 
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EXPLANATION OF PLATE 

Fig 1 Grey vanant of Strepfomyces gnseus, 10 days old, starch ammomum sulphate agar 
X 14 

Fig 2 Asporogenous vanant, 8 days old, peptone agar x5 
Fig S Asporogenous %'anant, 8 days old, 0 5% glycine agar x5 
Fig 4 Grev and white vanants, 3 weeks old, starch ammonium sulphate agar x IJ 
Fig 5 Asporogenous variant, 6 weeks old, starch ammomum sulphate agar, natural size, 
showmg scanty production of aenal mycehum m concentnc nngs 
Fig 6 Asporogenous vanant, 6 weeks old, 0 5 % glycme agar x Ij^ 
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The Cytology of Smooth and Rough Variation in Bacteria 

By K. A. BISSET 

Department of Bactenologg UnioersUy of Bimtngfiam 

SUMMARY In those member* of the geztem Baeteriitm nod Bacinut studied, the 
constituent bnctcria of Smooth cul tur e * are typically unicellular containing two 
chromatinio bodies. On division, a membranous septum Is first formed the baciHus 
subsequently dividing by constrictioa at this point. 

The constituent bacteria of Rough cultures may compxlsQ several cellular units, 
typically four each containing a single chromatlnlc body and separated by mem 
branous septa which, os growth proceeds, are transformed into tr^ cell wall septa 
by the splitting of which the bacillus divides. 

In prenoua papers (Bisset, 1938, IGSOfl, b) I described the structure of Rough 
and Smooth colonies, and the characteristics of the consbtuent bacteria. The 
structure of a Rough colony is that of the ‘Medusa head colony of BaciUus 
antkracii and the bacilh tend to be longer and squarer at the ends than do 
those of a Smooth colony which is relatively strnctureless and m which the 
bacilli he separately At cell division traMverse septa were observable m the 
unstained condition only in Rough forms the Smooth forms appeared to 
divide by constriction (Bisset, 1989a) 

The present study is mtended to extend these observations and especially 
to disc^er m these variants the behaviour of the chromatmic bodies (Badian 
1988 Pickarsla, 1988 1089, Robmow 1042 1944,1946) 

METHODS 

The strams emploj’ed were Gram negative mtcstinal bacteria of vanous 
species including BacUnum coli isolated during routme examinations of 
faeces These were usually Smooth on isolabon, and dissoaabon was induced 
m them by growth m meat broth for penods of a week or more, and subculture 
upon agar Stock cultures of this type of organism were usually Rough. Gram 
posibve, sponng bacilh were isolated from dust m the laboratory, and were 
either Smooth or Hough upon uolabon. Preparabons were made from 
cultures aged 2-10 hr grown aerobically upon nutrient agar at 87* 

At first, several methods of stainmg were tried but the osmic acid ftxabon, 
acid-Giemsa staining and Tannic aad violet techniques of Robmow (1946) 
were found to be best, especially for photography, and were eventually 
employed almost exclusively The chromatmic bodies and cell membranes can 
however be demonstrated by many of the usual cytological staining tech 
niques, esperially by iron alum haematoxylm "Water mounts were always 
employed for photography 

In the study of the Gram negatave bacteria of mtesbnal ongm it was notice 
able that the Smooth and Rough strains differed greatly m their staining 
reacbons. Using the acid-Giemsa technique Smooth strains required only 
about 10 mm m n HCl at 00 and 0 76 hr in the stainmg solubon at 87* 

6 -* 
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whereas Rough strains required from 0 5 to more than 1 hr in the acid and 
then up to 5 hr m the staimng solution Too short a period in the acid resulted 
in a uniform violet appearance when stamed The bodies were seen most clearly 
after about 8 hr mcubation for Smooth strams and about 5 hr for Rough. 


RESULTS 

The observations which were made agree, for the most part, with those of 
Robmow (1945), but as the author’s interpretation is somewhat different, a fuU 
description is given 

When stamed by acid-Giemsa, the appearance of the two forms of the 
mtestmal bacteria was qmte distmct The Smooth baciUi normally contamed 
two chromatimc bodies, division of which usually preceded that of the cell, 
producing four bodies distinctly arranged m pairs Between the two pairs of 
bodies, at the pomt of division of the bacdlus, a septum, staimng clearly with 
acid-Giemsa, was sometimes seen (PI 1, fig la), and usually some degree of 
constnction was also visible at the pomt of division 

In the Rough forms there were usually four chromatimc bodies The bacilh 
divided after the division of the bodies, and the pomt of division was marked, 
long before actual separation, by an unstamed gap, which, as transpired 
subsequently, represented a septum, contmuous with the cell wall and 
unstamable by Giemsa (PI 1, fig 2h) The two halves of the bacillus were 
subdivided by septa which resembled those of the Smooth forms, and stamed 
distmctly by Giemsa (PI 1, fig 2a) Thus the Rough bacdh were, m fact, 
four-ceUed, and each cell was occupied by a smgle chromatmic body, sometimes 
m process of division 

A large number of strams of Gram-positive spormg aerobes were also 
exammed The genus Bacillus is peculiar m that its members are naturally 
either of Rough or Smooth morphology The author has never observed this 
type of variation to occur spontaneously m the group Of the 40 strams 
exammed, all the large-celled species were of Rough morphology, and produced 
‘Medusa-head’ colomes, some of the small-celled species were Rough, and some 
Smooth 

The structure of the Rough mtestmal bacteria was repeated with great 
clarity m these Rough BaciUaceae The umt was a baciUus containmg four 
chromatimc bodies, each divided from the next by a septum (PI 1, fig 8) 
Division of the bacdh occurred at the middle septum, immediately after, or 
during the division of the four chromatimc bodies mto eight BaciUaceae of 
Smooth morphologj’^ also resembled Smooth mtestmal bactena, except that 
the chromatmic bodies were smaller m proportion to the size of the bacdli, 
which were also longer m proportion to their breadth 

T^Tien the various types of bactena were stained with tanmc-acid-violet to 
demonstrate the ceU walls, an entirely different appearance resulted In the 
Smooth forms, only the ceU outlme was stainable, sometimes showing con- 
striction at the pomt of division (PI 1, fig 4, PI 2, fig 5) The septa, which 
stamed clearly vnth acid-GIemsa, did not appear at aU by this method. 
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indicating that they were not of the same material as the cell wall, and were 
probably denved from the cell membrane. In the Rough forms stained by tanme- 
ncid violet it was obvious that the central division, an unstamed gap m Giemsa 
preparations, was occupied by a septum contmuous with the cell wall (PL 2 
figs. 6 7) The subsidiary septa, which stamed with Giemsa, showed as famt 
shadows, presumably representing partial secretion of cell wall material withm 
their thickness No evidence either of centrifugal or centripetal ‘ ms diaphragm 
formation of the new cell walls was observed. In these ceUs division was 
indicated by a slight mdentation m the sides of the bacillus at the completed 
septum. There wras no considerable degree of constnobOEu 



1 Rough variant 



S Smooth variant 


Figs. 1 and 2 Memhranei la dividing cells of Ronj^ and Smooth variants. 

The cell wail is shown by heavy line, the cell membrane by batched line. 

DISCUSSION 

The division of certain bacteria by septa s taming well with basic dyes m their 
young stages and of others by constriction was recorded by Schandum 
(1902 1908) and by many subsequent workers The occurrence of multicellular 
bactena is also fuDy established and has been wcH described by Robmow 
(1945) for some of the larger speaes The process of cell division appears to 
occur in two main stages first the formation of a transient septum stamable 
with Gicmsa, and presumably contmuous with the cell membrane The new 
cell wall forming the ends of the divided bacillus is then secreted by this 
membrane, but the maimer m which this is accomplished differs in the two 
types of celL In Rough baeflh the membranous septum is formed long before 
actual division occurs, two of the three partitions m a four-celled bacillus 
arc of this nature (Figs 1 and 8-6) The third, central partition is a true 
septum continuous wnth the cell wall and is secreted within the membranous 
septum It is not stamed by ‘nuclear dyes and the appearance of a fine, 
unstained line within tliq thickness of the strongly staining membranous 
septum IS clearly shown m Schaudinn’s illustrations. More recently it has been 
clearly described by Knaysi (1980) It is also visible m the unstain ed condition 
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(Bisset, 1989 a) As the two new bacilli separate, a very sbght degree of 
constnction accompanies the division of this septum It has not as yet proved 
possible to determme whether the septum, as originally formed, is single or 
double, but its thickness does not appear to be greater than that of the cell 
wall The claims of workers, from Schaudinn onwards, that transverse septa 
are formed either by a centripetal ingrowth or by a centrifugal outgrowth, are 
not supported by this work The first appearance of the new cell walls was as 
shadows withm the membranous septa, and occufiymg their entire area (PI 2, 
figs. 6, 7) This suggests that the former is composed of cell wall matenal 
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Figs 8-0 Cell division in a Rough vnnant The cell wall is shown by fine 
external hne, the cell membrane by heavy hne 

secreted mtemally by the latter, exactly as transverse cell walls are reported 
to be formed m higher plants (Martens, 1987) In Smooth forms the mem- 
branous septum IS formed immediately before the division of the unicellular 
bacillus, and instead of secreting an entire, new cell wall, m one piece, the 
existing cell wall grows mward, by constriction, to form the ends of the 
new cells (Figs 2 and 7-10) Presumably this extension is secreted by the 
membranous septum, as is the cell wall by the cell membrane This process 
also is clearly shown in Schaudmn’s figures 

Robinow (1945) appears to have observed cell division by septation m a Rough 
Bacillus sp and by constriction m a Smooth Bacterium sp , and to have assumed 
that these modes of division were respectively characteristic of the two groups 
of bacteria 

It has been suggested that the different degree of apparent constnction 
shown by the two types at the actual separation of the daughter baedli, may 
be due to the more volurmnous ‘slime layer’ of the Smooth forms, which forces 
apart the nen 1}’^ formed surfaces (Dr J P Dugmd, personal commumcation) 
Interpretation of the behaviour of the chromatimc bodies is less obvious It 
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X8 exceedingly difficult to judge the exact condition of a rapidly growing 
organism which can justifiably be considered to be the resting stage. In both 
types the bodies usually divide immediately before the bacillus, although 
excepbonoUy they may do so afterwaids, and if the condition immediately 
after division is to be taken as the entenon of chromosome arrangement, then 
the Rough bacillus may be considered as possessing two cells, each with two 
chromosomes exactly as m the umccllular Smooth bacillus However m any 
preparation of a Rough culture, the great majonty of organisms appear to be 
m the four-celled condition, each of the original chromosome pairs being 
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Flgi 7-10 Cell dMsloQ tn a Smooth variant. Hie cell wall Is shown by fine 
ertemal line the cdl membrane by heavy line 

separated by a membranous septum and the entire bacillus halved by the new 
c^ walL At this stage the chromosomes proceed to divide giving a total 
number of eight, before the division of the bacillus 

Chromosome changes m bacteria have been observed before. The suggestion 
of chromosome reduction m connexion with sporulabon has several times been 
made (Badian 19S8 Allen Appleby & Wolf 1939 KUeneberger Nobel 
1945) The appearances recorded here, however occur equally m spormg and 
non-sponng genera. 

The parallel between cblony structure of Smooth and Rough variants m the 
Bactenaceac and that of the two morphological types m the BacCTIaceoe is 
shown to be based upon strong resemblances m minute structure. The sigm 
flcance of the variation however, is still to seek. 
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EXPLANATION OF PLATES 
AU X8000 
Prate 1 

Fig 1 Bad coh. Smooth, acid-Giemsa Bactena at vanous stages of division, membranous 

septum at a Several bactena are in the resting condition 

Fig 2 Bact colt. Rough, acid-Giemsa Membranous septum at a, septum at b continuous 
ivith cell wall, showmg unstamed 

Fig 3 Bacillus sp , Rough morphology, acid-Giemsa Membranous and cell wall septa are 
clearly shown Compare fig 2 

Fig 4 Bad colt. Smooth, tannic acid-violet, showmg constriction of cell wall at point of 
division m numerous cases 

Prate 2 

Pig 6 Bacillus sp , Smooth morphology, tannic-acid-violet Note the absence of transverse 
septa 

Fig 6 Bact colt. Rough, tanmc-acid-violet. Note the transverse septa, and m nght-hand 
bacillus, which is about to divide, the shadows of new septa fonmng Compare fig 3 

Fig 7 Bacillus sp , Rough morphology, tanmc-acid-violet Note the transverse septa and 
the shadows of new septa formmg m those about to divide Compare fig S 
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Studies on Giant Amoeboid Organisms 

2 Nuclear Division and Cyst Formation In Leptomyxa reticulata 
Goodey with Remarks on the Systematic Position of the Organism 

ByB N SINGH 

Department of SoU Microbiology Bothamsied EaperimenUil Station^ 
Harpenden Qerii 

SUMMARY Excellent cytological prepaiatlona may be made from groTTth of 
Leptomyxa retieidaia on cover slips on a film of agar 

The organism Is nraltinucleate Each resting nncicns contains a deeply staining 
mass the nucleolus, which is surrounded by a clear xone in which chromatin material 
Is •cattered* There is ahrays a definite nucfear membrane. The nuclei divide slmul 
taneously by Intranuclear mitosis and the whole process Is completed in a short 
time At propbase the dispersed chromatin grannies aggregate and later 
a thread like structure and enter upon the metaphase. The formation of the spindle 
can bo seen at the beginning of the metaphase No centrosomes are seen at any stage. 
During anap h ase the chromosomes begin to separate and It is difBcult to count their 
numbers The nuclear membrane disappears at late anaphase At telophase the 
daughter chromosomes fuse together the connecting threads break and the daughter 
nuedei are formed, 

Under suitable cultural conditions and on certain strains of bacterial food supply 
multinucleate cysts are prodaced in closteTs. The process of cyst formation Is 
described 

Leptomyxa reticulata Goodey 1914 is widely distributed in soils of Great 
Britain (Singh, 1948) The study of the selection of bactenal food by 
L reUculaia has shown that under suitable cultural conditions and with certain 
bacterial associates these multmucleate organisms produce multinucleate c^ts 
m clusters (Smgh, 1948) 

McLennan (1980) found L rettadaia associated with hop disease m Tasmama 
but after a careful study concluded that it was a secondary mvader and had 
no significance as a causative agent of the disease. These orgamsms were both 
m the root and on its surface, and in the lower part of the aerial bine. She 
thought that L reUeuJaia could penetrate the hop root either through the root 
hairs or by direct penetration through the epidermis end after entcung the 
root hairs, travel down mto the cortical tissue and pass readily from one cell 
to the other 

For cultivating L retunilatoj ^IcLennan (1930) used Erienmeyer flasks with 
100 ml of tap water containing boiled wheat grams In a synthetic food 
solution not containmg carbon (Knop) and in soil infusion L reixeutaia did 
not grow well This she thought due to the Insufficient development of bacterial 
food supply It may be pomted out that nutrient media arc often unsuitable 
either for isolation or grow th of holozoic organisms because they maj en 
courage the growth of inedible organisms and possibly of organisms produemg 
toxic substances (Smgh 1945 1040a, 6, 1947a, h o, 1048) 

McLennan (1080 p 86) says When the organism found on the hop is^ 



90 B. N. Szngh 

compared with Leptomyxa reticulata the two forms are foimd essentially 
similar, and there is no doubt that the hop organism is correctly placed m this 
genus ’ She eoneluded that the hop organism differed from L reticulata 
Goodey m the following respects (1) The cysts formed 'by the hop orgamsm 
were much more irregular m shape and on the average much larger than those 
described by Goode}'^ (1915) (2) The ectocyst m the hop orgamsms never 

approached the thickness attamed m some cysts of L reticulata figured by 
Goodey On the basis of these differences she named the hop orgamsm 
L reticulata Qoodey var humuh (n var ) The creation of this variety is probably 
not justified because the cultural conditions were such that mature cysts were 
unlikely to be formed Judging from McLennan’s diagrams, it seems certam 
that she was deahng with immature cysts or with those that were m the 
process of formation 

Goodey (1915) and McLennan (1980) have given a good general account of 
L reticulata, although they could neither find the nuclear division m these 
multmucleate forms nor were thej’^ able to determme the mode of cyst forma- 
tion From their accounts it seems that one large mdividual gives rise to one 
multmucleate cyst 

The mode of nuclear division and cyst formation described m this paper may 
be of mterest to systematists of the Proteomyxa, a group m which the great 
majonty of forms have been very imperfectly studied 


MATERIAL AND IVIETHODS 

Leptomyxa reticulata was isolated from soil on non-nutnent agar (1 5 % agar 
m 0 5 % NaCI, pH 6 8-7 0) with Aerohacter stram 1912 (Singh, 1941, 1948) 
A pure hne culture started from a single cyst was used throughout the work 
L reticulata forms cysts m large numbers only with certam bactenal 
assoeiates 

L reticulata did not grow very well on cover-shps covered with a suspension 
of a 2—4-day culture of a smtable bacterium m 0 8 % NaCI In the presence of 
a thm layer of non-nutnent agar L reticulata grew luxuriantly and produced 
cysts Thm film s of plam agar were made as follows One or two drops of hot 
melted agar were put on a 2 x | in cover-shp and spread mto a thm film by 
quickly covering with a second shp MTien the agar had sohdified the upper 
cover-shp was gentlj’" removed, and one or two drops of a thick suspension of 
a smtable bactenum m 0 8 % NaCI were gently smeared on the agar surface 
A small piece of agar containing L reticulata was cut from an actively grovang 
culture and put face downwards m the centre of the film The cover-shps were 
kept m moist chambers m Petn dishes m order to prevent the di^nng of the 
agar and were mcubated at 20-21° Every precaution was taken to prevent 
contammation of the agar films After 2-3 daj^s, when some of the L reticulata 
had moved on to the film, the piece of agar used for moculation was removed 

Camoy fixative was extensively used to make permanent preparations and 
gave better results than Bourn and Schaudinn L reticulata vas fixed for 20- 
40 mm and then put mto 95 % ethanol for 24 hr The cover-slips were then 
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brought through 70 50 and 80 % ethanol to water, and at this stage the film 
of agar was gently removed from the cover-slip As L reUculaia ore large 
organisms they sink mto the agar and shck to the glass when the film of agar 
IS removed after fixation About 60-90 % of them remamed on the cover-sUps 
m a beautifully extended position as seen during life The preparations were 
stomed for c 0 hr m iron alum overnight m haematoxyUn and mounted in 
th<^ 'pial way 

hEPTOMXXA nSTICm^TA 

A general account of L reixcvXaia^ ita movements and division by plosmotomy 
has been given by Goodey (1916) and McLennan (1980)* According to Goodey 
(1916) on nutnent bouillon agar L reticulata has a waxy translucent appear 
ance, the protoplasm being very compact and often disposed m an irregularly 
branched dendntic manner When transplanted from agar mto a hqmd medium 
it assumes its normal shape and condition by stretching out mto a thm sheet 
of almost transparent protoplasm The abnormal shape observed by Goodey 
on nutnent agar was most probably due to the imcontroUed bactcnal food 
which may have produced unfavourable metabohe substances 

When L reUeuXata was grown on non nutnent agar with a smtable bacterial 
food the organisms always stretched out into a very thm sheet of almost 
transparent protoplasm so that at times it was difficult to see them Under 
suitable cultural conditions the size of L rehculata was foimd to be much larger 
than those recorded by Goodey (1915) and McLennan (1980) When fully 
stretched an mdividual may attam a length of 8 mnu or more. As pointed out 
by Goodey it assumes all lands of fantastic shapes (Tl 1 figs. 1-9) so that it 
may appear as though several species are present m the same culture When 
the food supply is exhausted and with drying of the agar some of the inch 
viduals shrink so as to appear mycelial In this form they remam alive for 
a month or more without forming cysts, and fresh cultures can be obtamed 
from them without difficulty The raycdial appearance was also sometimes 
observed m actively growing cultures but under these conditions the proto- 
plasm was mcely stretched out, and very branched A single large L reticulata 
looks like a small plasmodium of an endosporous Myxorayccte, but without the 
regular reversible streammg movement which is found m the latter The 
number of nuclei varies a great deal depending on the size of the individual 
up to several hundred nuclei have been found in one large L reticulata. In an 
actively growing culture a few very small individuals may be present (PI 1 
figs 4-8) contaming 8-20 nuclei They look like small true soil amoebae, and 
are the results of division by simple plasmotomy m which the daughter 
mdmduals produced are often of very unequal size (PL 1 fig 10) As was 
■noted by Goodey (1016) no nuclear division m the dividing mdividuals was 
observed either durmg plasmotomy or just afterwards It is mtercsting to 
watch under a low power microscope the process of division of the mdividuals 
by plasmotomy and the fusion of two or more of them into one, processes 
already recorded by Goodey 

Goodey (1916) says (p 84) Stamed examples show that the nucleus consists 
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of a central deeply staining mass, the karyosome, surrounded by a clear zone 
whieh IS often somewhat oval or spmdle-shaped and does not seem to possess 
a defimtely stamable membrane Some sort of membrane is, however, present, 
for the nuclear sap is quite distmguishable from the surrounding cytoplasm 
The process of nuclear division is qmte obscure at present, but from the 
examination of a large number of livmg and stained specimens it seems that 
some kmd of fragmentation of the karyosome takes place ’ As noted below, 
the karyosome, which I call the nucleolus, does not seem to take any direct part 
m the mtranuclear mitosis of L reticulaia McLennan (1980) showed that each 
restmg nucleus has a definite nuclear membrane, and the chromatic material 
IS scattered evenly between the karyosome and the nuclear membrane This 
observation of McLennan is in accord with my findmgs 


Nuclear divmon 

I 

Mitosis in endosporous Myxomycete plasmodium was so rarely observed by 
the earher workers that they concluded that nuclei divide both by amitosis 
as weU as by mitosis With the development of better cultural methods, a few 
workers defimtely proved that all the nuclei divide by mitosis simultaneously 
The whole process is completed m a short tune 

A large number of observations was made to find whether the nuclei m 
L retxculaia divide by matosis, aimtosis or both At first no nuclear divisions 
were foimd A few mdividuals were found containing nuclei very much smaller 
than are usually met with m individuals contaimng resting nuclei It was 
thought that the nuclear division might either be completed withm a short 
time or the nuclei might be dividing at some particular tune -of the day or at 
mght Accordmgly, large numbers of cover-slip preparations were made at 
hourly intervals from 10 a m to 6 p m and from 8 to 12 p m Nuclear division 
was ultimately found m the matenal fixed durmg both the day and night 
Out of the many thousands of large and small individuals exammed only three 
large ones and one small one were found m the stage of nuclear division AH the 
nuclei m the small mdividual, numbering 20, were in the telophase of mitosis 
All the stages of mitosis were foimd m each of the three large mdividuals 
contaimng several hundred nuclei It seems that aU the nuclei divide more or 
less at the same tune and the process is completed m a very short time Many 
L reticulata were found m which the nuclei were only half the normal size 
They apparently had just completed mitosis 


Details of mitosis 

The restmg nuclei m L reticulata are either spherical or spmdle-shaped 
(PI 2, figs 20-22) , and both kmds may be present m the same individual The 
mitosis m some respects is like that found in vascular plants, the achromatic 
figure bemg de\oid of centrosomcs and asters The nuclear membrane is a 
definite strueture which can be seen up to anaphase (PI 2, figs 23-32) and the 
nuclear dinsion is mtranuclear 
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In each restmfif nucleus there is only one nucleolus The first stage in the 
nuclear division is the aggregation of dispersed chromatin granules in pro 
phase The granules stam deeply with iron alum haematoxylm (PI 2 figs 28 
24) The nucleus at this stage generally attains its greatest diameter The 
deeply stanung granules fuse together and begm to assume a thread like 
structure* Soon afterwards, at metaphase, the chromosomes arc compact and 
irregular and the spmdle forms (PL 2 fig 25) Later, the spmdle is completely 
formed without any centrosomes (PL 2 figs 26 27) 

Durmg the anaphase the chromosomes begm to separate (PI 2 figs 28-84) 
It IS very difficult to count them accurately In some nuclei it appeared that 
there were four chromosomes at each side of the spmdle and in others m the 
same individual only two could be distinguished In the late anaphase the 
nuclear membrane is not distinctly seen 

At telophase the spmdle shrinks and appears as dork wrinkled Imes (PI 2 
figs 85-88) The daughter chromosomes fuse together mto a darkly staining 
mass The connecting threads break and the daughter nuclei begm to form 
(PL 2, figs 88 89) The chromatm bemgs to fragment inside the nucleus, which 
at this stage agam has a defimtc nuclear membrane The nucleolus persists 
throughout anaphase and does not seem to take pirt in cell dmsiom In 
telophase it either gradually fades away or is left out when the daughter 
nuclei begm to form Sometimes more than one darkly staining mass can be 
seen innde each nucleus The mode of formation of the new nucleolus could not 
bo aacertamed* It first appears as a smaQ body which grows as the nucleus 
begm to grow 


The formation of cysU 

Under suitable cultural conditions L rdtoxdata produces multinucleate 
cysts in clusters (Singh 1048) resembling the sclerotium of an endosporous 
Myxomycete* The process of cyst formation is usually very slow, and mature 
cysts are produced only after several days Parts of branching protoplasm are 
slowly drawn mto dense and irregular masses which gradually become roimded 
(PL 1, figs 12 18) These rounded parts secrete an outer cyst membrane, or 
ectocyst, of varying thickness The contents of the cyst contmue to contract 
and secrete another wall the endocyst, which is usually rounded The ectocyst 
may be rounded or irregular (PL 1 figs. 15 16) Usually the cysts break off 
from the parent mdividual when they are mature. Several cysts were seen m 
the process of formation attached to the parent mdividual m fixed preparations 
(PL 1 figs 12 18) these mdmduals showed no sign of nuclear division. The 
nuclei In the cyst forming area were spherical and packed together whereas 
the nuclei m the rest of the mdividual were either spmdle shaped or spherical 
and typical of resting nuclei After the cysts are broken the parent mdividual 
contmues a trophic existence. Sometimes rounded or irregular bits of proto 
plasm are cut off from a large individual, and give rise to double-walled cysts 
As shown m PL 1 figs 17 and 18 one ectocyst may contam up to ten cndocysts 
each of which is multmucleate (PL 1 fig 19) Under good cultural conditions 
a single large multmucleate organism is completely broken mto a number of 
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cysts, the number depending on the size of the mdividual (PI 1, fig 14) Up 
to 40 or more cysts may be produced from a single individual, which then 
resembles a sporangium This formation of multmucleate cysts m clusters is 
a very mterestmg feature m the life cycle of L reticulata When the cysts are 
fully mature they can be easily separated from each other 



Fig 1 Diagrammatic representation of the life cycle of Leptomyxa retmilaia, a = fully 
groivn multmucleate individual, 6 and c=divi8ion by simple plasmotomy, d=a cluster 
of multmueleate cysts formed from one mdividual, e=two multmucleate cysts, /= a 
small multmucleate mdividual after emerging out of a multmucleate cyst 

Excystahon 

^Vhen cysts are transferred to non-nutrient agar or to a few drops of 0 8 % 
NaCl on cover-slips supplied with suitable bacterial food they excyst readily 
The process of excystation has been described by Goodey (1915) Multmucleate 
mdimduals have always been found to grow out of the cysts Many of the cysts 
formed under good cultural conditions do not excyst and are probably dead 

THE SYSTEMATIC POSITION OF LEPTOMYXA RETICULATA 

A number of mostly imperfectly studied forms which did not seem to fit m 
with the rest of the Rhizopods have been put mto the group Proteomyxa 
Since the discover}^ that Leptomyxa reticulata, produces multmucleate cysts m 
clusters resemblmg the sclerotium m endosporous Myxomycetes, a considerable 
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tune has been spent in finding whether a flagellate stage occurs in its life cycle 
As observed by Goodey (1915) a single cyst gives rise to one multmuclcate 
individual which feeds on bacteria and grows into a giant form* The fusion of 
two or more individuals may result in the formation of one larger mdividuaL 
The life cycle of L reUculaia (Fig 1) seems to justify its mclusion m 
Rhizopoda. 

It is cunous that such a remarkable form as L reticulata has been ignored 
by the writers of text books on Protozoology The mode of cyst formation and 
nuclear division in L retxculala surely jus^es the creation of a new genus as 
suggested by Goodey (1016) Goodey (1916) Sandon (1927) and -Mclennan 
(1980) have put this organism m the older Amoebaeo. Schaeffer (1026) 
excludes rhizopods with reticulate pseudopodia from this order In the present 
state of our knowledge, it is my opmion that the genus Lepiomyxa should be 
put m the family Vampyrellidae (Doflem) belonging to the order Proteomyxa 
(Lankester) and rankmg with the few wdl recognized genera like Arachmila 
and VampyreUa, etc^ thus bringing it nearer to the Amoebaea. 

Leptomyxa flabeHata (Goodey, 1915) has been isolated from a number of 
arable soils m Great Bntam, but I have not yet studied the life cycle of this 
interesting form 

The observations of McLennan (1980) on the occurrence of L reticulata m 
hop tissues IS very interesting It is possible that some of the Plasmodio- 
phorales may have evolved from free hvmg forms like L reticulata. 

This work was made possible by a grant from the Agdculturol Research Council 
to whom^he author s thanks are due. It is a pleasure to express my sincere thanks to 
Dr H. G Thornton, F R.S and Alin L. M. Cramp for their inter^ In this work. 
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EXPLANATION OF PLATES 
Plate 1 

Leptomyxa reticulata Figs 1-18 are drawn from the same magnification The magnifica- 
tion of fig 19 IS mdieated below it Cover-slip preparations fixed in Camoy and stamed with 
iron alum haematoxyhn 

Figs 1-9 Individuals of different sizes and shapes 

Figs 10, 11 Division by simple plasmotomy 

Figs 12-14 The formation of multmucleate cysts 

Figs 16, 16 Typical double-walled mature cysts 

Figs 17, 18 Cysts contaimng several endocysts 

Fig 19 A part of the endocyst highly magnified to show the nuclei 

Plate 2 

Intranuclear mitosis in Leptomyxa reticulata Cover-slip preparations fixed in Camoy and 
stained m iron alum haematoxyhn 
Figs 20-22 Tjincal restmg nuclei 

Figs 23, 24 Prophase stages m mitosis showing the aggregation of chromatin in one place 
Figs 25-27 Metaphase stages and the formation of spmdle. 

Figs 28-84 Anaphase stages and the separation of chromosome to two poles of the spmdle 
The nuclear membrane has disappeared in the late stages 
Figs 86-38 Telophase stages and the formation of two daughter nuclei 
Fig 39 Four small nuclei just after mitosis 
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The Rules of Nomenclature for Micro-organisms 

By G C AINSWORTH 
London School of Hygiene and Tropical Medicine 

The scientific names of organisms are the means by which one worker is able 
to relate his observations or opinions to those of others, and no one would 
benefit more than the microbiologist from an mtemationally acceptable and 
stable nomenclature A large measure of agreement has already been reached 
on what constitutes an mtemationally acceptable name, but because appro- 
priate and universally accepted names only reflect an agreed classification it 
will require much work by both systematists and experimental microbiologists 
before stabflity can be approached m many groups of micro-organisms As 
a first step towards the goal microbiologists are urged only to use names which 
conform to mtemational agreements because such usage makes for precision 
and at least does not hinder developments m classiflcatiom The purpose of this 
article is to advocate care m the use of names and to draw the attention of those 
who may wish to propose new taxonomic groupings or to change old names 
to certain requirements of the International Rules of Nomenclature Also 
systematists frequently feel obliged to make changes m the names of the groups 
of organisms which they study changes which may at times seem arbitrary 
and unnecessary A knowledge of the International Rules often enables the 
reasons for such changes to be more hilly appreciated and sometimes allows 
a distmction to be made between name changes which are obligatory on all 
and those which need not be accepted at once, if ever when they would 
disturb some long-established usage. 

The Iniemalional Rules 

The names of animals are governed by the Iniemalwnal Rules of Zoological 
NoTnenclaiure those of plants by the IntemaUonal Rules of BaUmteal Nomen 
dature In 19S0 the Intematioiial Society for Microbiology at its first Inter 
national Congress recogmeed that tnsq/ar as they may he applicable the 
nomenclatural codes agreed upon by the International Congresses of Botany 
and Zoology should be followed m the nimiing of microorganisms Fungi 
have been tradifaonally associated with plants and mycologists accept tlie 
botamcal code which includes several special clauses for their convemence. 
In 1980 the International Society for Microbiology also decided, m view of 
the peculiarly mdependent course of dcveldpment’ of bacteriology that 
bacteriological nomenclature merited special treatment, and to that end set up 
an International Committee on Bacterial Nomenclature later m the same year 
the two permanent secretanes of that committee being acet^pted by the Fourth 
International Botanical Congress as its Special Committee for Bactena to 
make recommendations regarding bacterial nomenclature. In 1989 the 
International Committee on Bacterial Nomenclature was instructed to prepare 
a Bacteriological Code and the publication of the code, when developed was 
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authonzed by Congress on the understandmg that it should be regarded as 
wholly tentative but in the hope that it would be widely tested The war 
intervened, and it was not until the Fourth International Microbiological 
Congress m 1947 that a proposed code was approved This tentative Code, 
which emphasizes the mterdependence of bacterial and botamcal nomenclature, 
IS essentially an abbreviation and rearrangement of the Botanical Rules for 
bacteriologists, and in what follows any provisions of the Rules of Botamcal 
Nomenclature applicable to bacteria have been tentatively accepted by 
bacteriologists 

Similarities between the International Buies of Botanical 
and Zoological Nomenelature 

The zoological and botamcal codes developed mdependently and each 
formally recognizes its mdependence ‘the name of an animal is not to be 
rejected sunply because it is the name of a plant’ (Zoological Rules, Article 1), 

‘ the name of a plant is not rejected simply because it is the name of an animal ’ 
(Botanical Rules, Article 6) (Microbiologists, however, do not permit the use 
of duphcate generic names m the group Protista and deprecate the use of 
a specific name both m the Protista and m a plant or ammal group , J Bad 33, 
447, 1937 ) In spite of this mdependence the two codes have much iil common 
Both accept Latm bmomial names for species, state or imply that every species 
has but one valid name m any genus m which it may be classified, judge the 
vahdity of names by the ‘law of pnority’, and determme the apphcation of 
names of species, genera and other taxonomic groups by means of ‘types’ 

Differences between the Buies of Botanical and Zoological Nomenclature 

The Botanical Rules, which attempt to prescribe procedure for any 
eventuality, consist of 74 Articles and 50 numbered Recommendations The 
first 19 Articles deal with general prmciples, the remamder are the ‘Rules’ 
The Recommendations supplement and amplify the Rules, and many botamsts 
appear to consider certam of the Recommendations to be as bmdmg as Rules 
The Zoological Rules are more concise and comprise 86 Artieles together with 
recommendations for the formation of new names and the choice of types 
There have been few changes in the Zoological Rules smce they were first 
mstituted m 1901, but the International Zoological Congress held in Boston 
m 1901 empowered the International Commission on Zoological Nomenclature, 
the body which prepared the Rules, to render ‘Opinions’ on questions of their 
interpretation So far nearly 200 Opimons have been given, and these are m 
effect an official supplement to the latest, 1913, version of the Rules A 
Judicial Commission, similar to the International Commission of the Zoologists, 

IS proposed for the new Bacteriological Code 

The debt vhich biologists owe to Lmneus for introducing binomial nomen- 
clature and a tnbute to his outstanding ability as a taxonomist are acknow- 
ledged by both codes m the starting-points selected for international nomen- 
clature The tenth edition of Lmnd’s Systema Naturae, 1758, is the single 
startmg-pomt for zoological nomenclature Botanists accept the first edition 
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of hi8 Species Plardarum, 1753 as the starting point for the nomenclature of 
flowermg plants and some other groups including Lichenes and Mycetozoa, and 
it has been agreed that this shall also be the starting pomt for bacterial nomen 
claturc. For certam groups which were inadequately treated by Linneus 
botanists have selected a number of later starting pomts The nomenclature of 
Fungi, for example, begins at 1801 (Pcrsoon, Synopsis methodxcafungorum) for 
TJrcdinalcs, Ustilaginales, and Gastcrom)rcctes and at 1821-82 (hVies, Sysisma 
mycologumm) for other fungn 

Both botanists and zoologists at times find that the stnet appheabon of the 
law of pnonty would by disturbmg long-estabhshed usage, make for greater 
confusion than order and each code has its own method for providing allevin 
tion in such cases An International Botamcal Congress may conserve * a later 
generic name against an earlier one and the International Commission on 
Zoological Nomenclature may suspend the Rules m any given case, where m 
its judgement the strict application of the Rules will clearly result m greater 
confusion than uniformity , and a Judicial Commission will have the power 
to proscribe names under the Bacteriological Code. Under no circumstances 
IS it at present possible to uphold a later specific epithet against an earher one 
which does not infringe the Rules, 

In addition to the above differences there is a number of minor and more 
technical, although not unimportant, differences between the two sets of 
Rules and attention will later be drawn to certain of them which reflect 
differences in current botamcal and zoological taxonomic practices. 

New species 

An author wishing to propose a new species has first to satisfy himself that 
it IS not one of the perhaps thousands of albed species already proposed and 
then to describe its characteristics so that they are recogmzable to others. This 
is not the place to discuss the taxonomic question as to what constitutes a good 
species in any particular group but to mdicate the requirements of the Inter 
national Rules if a new name is to prove acceptable. 

The name must be m Latin and be m bmomial form The generic name should 
be spelt with a capital mitial letter and that of the specific epithet should have 
no capital It has never been obligatory to use capitals for specific epithets 
Under the Zoological Code there is a Rule and under the Botanical Code 
a Recommendation that certain classes of specific epithets may be spelt with 
capital letters, and this practice has m the past been more widely followed by 
botanists than by zoologists 

Botanists arc recommended ‘not to make names long and difficult to 
pronounce and both sets of Rules offer advice on what constitutes good taste 
m the selection and spelling of names The name and the accompanying 
description must be published (for the conditions of effective pubhcation see 
Botanical Rules, Art, 86) and under the Botamcal Rules after 1 January 
1986 names of new groups of recent plants, the Bactena excepted are 
considered os validly published only when accompamed by a I,atin diagnosis 
(Art, 88) The Zoological Rules do not insist on a Latm diagnosis but the 
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Appendix to the Rules states that ‘it is very desirable that the proposition of 
every new systematic group should be accompanied by a diagnosis, both 
individual and differential, of the said group m English, French, German, 
Itahan, or Latm’ The same Appendix also advocates the use of the metric 
system of weights and measures m aU descriptions and the expression of the 
enlargement or reduction of any illustrations m figures rather than by the 
system of lenses used 

The apphcations of the names of all taxonomic groups are determmed by 
‘types’, 1 e a family is based on a type genus, a genus on a type species, and 
a species or group of subspecific rank on a type specimen Authors must 
always designate clearly the type on which their new group is based When 
proposmg a new species a zoologist is recommended to designate and label one 
specimen as the type, any other specimens exammed by the author at the same 
time bemg paratypes The types of species of fungi and baetena may be 
descriptions with or without drawings or microscopical preparations For 
bacterial species the type specimens are frequently cultures (when subcultures 
should be deposited m the prmcipal culture collections of the world) and 
for microfungi they are commonly herbarium specimens When a dned 
specimen, the type is frequently a ‘collection’ rather than an individual 
and it IS probable that all the different parts of a smgle collection when 
deposited m several herbana should be considered of equal status If the 
type of a fungus is a culture, well-grown and typical cultures should whenever 
possible be dried as herbanum specimens, for m such form they are likely to 
be as much, or greater, use to future systematists as a hvmg culture after a 
lengthy sojourn m a culture collection 

The account of a new species should always include the date of collection or 
isolation, the place of origm, and the host or substratum, if any, of the type 
material, and the location of the type specimen ' 

Name changes 

‘A generic or specific name, once published, cannot be rejected, even by its 
author, because of mappropnateness’ (Zoological Rules, Art 82) ‘A name or 
epithet must not be rejected, changed or modified, merely because it is badly 
chosen, or disagreeable, or because another is preferable or better known’ 
(Botamcal Rules, Art 59) Once a name has been validly published it cannot 
be elimmated Even if reduced to synonymy it remams permanently as a name 
for the potential consideration of later workers The Rules only permit the 
correction of a tjqiographic error or a clearly imintentional orthographic error 
in the ongmal spellmg 

Names of species may, however, be changed for a number of reasons The 
name may not be the earliest one, it may be a later homonym (i e the same 
name may have been applied pre-vnously to a different type), or, most com- 
monl\ , it mav need to be changed to accord with an author’s views on classifica- 
tion Under the Botamcal Rules a change might also be necessitated because 
of tautonomy (i e because the specific epithet is an exact repetition of the 
genenc name), but the Zoological Rules allow the use of tautonyms If the 
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new Bactenological Code s acceptance of the botanical r uling 15 upheld such 
names as Fustformitfusiformig Topley & Wilson will become lUegitunate. 

The valid names for fungi which have perfect and imperfect spore forms are 
the earhest names given to the perfect states names given to other states 
having only a temporary value (^tamcal Rules Art. fi7) The discovery of 
the ascospore or basidiospore-producmg state of a fungus of which the 
conidial state only is known involves therefore, a change in the name of the 
latter according to the strict mterpretation of the Rules, although when the 
perfect state is rarely encountered it is convenient and customary to contmue 
to use the imperfect name. 

Both Codes require the authors names, usually abbreviated, to be added to 
all formal citations of the names of the taxonomic groups which they have 
proposed Changes m the generic names of species mvolvc changes m the 
authority for the name Under the Botamcal Rules, when a species is trans 
ferred from one genus to another the name of the author of the original species 
IS enclosed m brackets and followed by the name of the author making the 
change. Under the Zoological Rules the first author s name is enclosed in 
brackets but the second author’s name is omitted. Similarly double atatibn 
IS required for changes m rank of botamcal names For example, PsaUtoia 
(Fr ) Qu^l mdicatcs that PsaUtoia was proposed as the name of a subgenus by 
Fnes and first used as a genenc name by Qu^let, Zoologists would not consider 
such a change to be a change in rank, for they treat genfera and subgencra as 
equivalent. Neither do they distmguish a difTerence m rank from the nomen 
clatural pomt of view between subspecies and species. This dilTerence reflects 
the greater stabflity of botamcal genera and accounts for another contrast 
between the two discipUnes In botany the name of a species is the complete 
bmomial, e.g PsaUtoia campesins which comprises the genenc name PsaUtoia 
and the specific epithet’ campesins In aoology the stress is on the specific 
epithet, which is known as the ‘trivial name of the species, the combination 
of a trivial name with an appropriate genenc name constituting the designa 
bon’ of the species When considermg questions of pnonty among specific 
homonyms m roology it is the one with the earhest tnvial which is accepted 
while m botany it is the earliest combination (bmomial) which must be mam 
tamed, even though it contams a later specific epithet than the rejected name. 

Synonyms 

Synonyms are dififerent names apphed to one taxonomic group but current 
practice restricts the apphcation of the term to rejected names Since the 
introduction of the type method there are two distinct classes of specific 
synonyms those which are synonyms by definition and those which are matters 
of opimon. Badenum coli (fthg ) I..chin. & Neum. and Pschenchta colt (ilig ) 
Castd. & Cbahn are synonyms of the first land. Both names arc based on the 
same type and must therefore be synonymous Both names are equally vahd 
and which is adopted depends on whether the user considers that the species 
should be classified m the genus as proposed by Lehmann & Neumann 

or in the genus Eschcrtchta of Castellani A Chalmers, 



102 G C Ainsworth 

Bacillus vesiculiformans Hennci is listed in Bergey’s Manital as a synonym of 
Eschenchia coli, but this synonymy is a matter of opmion and not of defimtion 
A seeond type is mvolved, and anyone is always at liberty to beheve that the 
judgement of the authors of Bergey’s Manual is at fault and that Bacillus 
vest cull formans is the name of a (iistmet species It is an aid to clear thinking if 
these two classes of synonyms are distmguished when citing synonymies, and 
this may be convemently done by addmg the name of the author whose 
judgement is accepted as the authority for a synonjun of the second class, e g 
Eschenchia coli (Mig ) Castel' & Chaim , S5m Bacillus vesiculi formans fide 
Bergey et al 

LITERATURE 

The current official version of the International Rules of Zoological Nomencla- 
ture, that agreed on by the International Zoological Congress of 1913, is out of 
prmt The Rules have, however, been reprmted m C M Wenyon, Protozoology 
(1926) 2, 1986 (London) and m Proc biol Soc Wash (1926) 39, 75 (together 
with summaries of the first 90 Opmions), and m the useful book by E T Schenk 
& J H Masters (1986), Procedure in Taxonomy (USA and Oxford Umv 
Press, London) The 194 ‘Opimons and Declarations rendered by the Inter- 
national Commission on Zoological Nomenclature’ have recently been pub- 
hshed or are being repubhshed m three volumes by the Commission (London), 
and m 1948 the same Commission instituted The Bulletin of Zoological Nomen- 
clature m which proposals subnutted to the Commission for deliberation and 
decision are prmted In the first issue of that Bulletin (Vol 1, p iv) there is 
an mterestmg article by F Hemmmg on the functions and powers of the 
International Commission 

The official French, English and German versions of the International Rules 
of Botanical Nomenclature were issued m 1985 (Gustav Fischer, Jena) The 
Rides have been reprmted (without the Appendices) in C W Dodge, Medical 
Mycology, pp 76-96 (USA, 1985, London, 1986) and (abbreviated) in 
Bergey’s Manual of Determinative Bactenology, 1939, 5th ed They have also 
been reprinted and annotated for mycologists m G R Bisby, An Introduction 
to the Taxonomy and Nomenclature of Fungi, 1945 (Imperial Mycological 
Institute, Kew), a book which gives much useful information on procedure 

The Proposed Bactenological Code of Nomenclature, edited by R E Buchanan 
and R St John-Brooks, 1947 (Iowa State College Press), will be published m 
the Proceedings of the Fourth International Congress for Microbiology It 
gives, m addition to the proposed rules, a historical account of their development 
and the opimons issued by the International Comnfittee on Bacteriological 
Nomenclature and ratified by Congress dunng the period 1980-9 

‘A discussion on the differences in observance between zoological and 
botanical nomenclature’, Proc Linn Soc Lond (1944) 156, 126 and ‘Discus- 
sion on mjcological nomenclature’, Trans Bnt mycol Soc (1942) 25, 428, 
provide clear expositions of many points of detail 


{Received 22 September 1947) 
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Infections by Leishmania donovani in the Cotton Rat 

By J D FOLTON and L P JOYNER 
i^ational ImtituU Jot Mediad Reieareh Hampstead^ London 

SUMMARY : FoUcrwing the original Inoculation of cotton rata with material from the 
a^leen of a golden hamster containing T.H«hmnn Donovan bodies, a number of terial 
paauges were subsequently carried out in these animals. The parasite became 
rapidly adapted to the new host and a progressive infection resulted comparable with 
that in the golden hamster \Vhereas death in the latter nnima] is the invariable 
sequel of Infection the ootton rat appears to be unaffected by the disease. The cotton 
rat thus provides a new and easily obtainable boat for the study of experimental 
lelahmaniasla in thtw country Including the chemotherapy of the disease 

Most laboratory animals are unsuitable as hosts for the study of expcmnental 
leishmaniasis on account of the ur^olanty with which infeotioq occurs and 
the prolonged mcubation periods encountered m successful cases Infections, 
moreover firequently undergo spontaneous cure. Smyly& Young (1928-4 o, 6) m 
China found that the Chinese hamster {CrtceUdu* gnseus) was highly susceptible 
to visceral leiabmaniasis and failure to infect was rarely expencnced Mayer 
(1926) then found that the European luunster (Cncrtus frumtnifmw) was 
equally susceptible to infection with an Indian stram of Lnshmania donovani 
Adler & Theodor (1981) infected the golden hamster {Cnceius ouratui) a native 
of Syria, with Lexshmania xnfcmiunu This host was later employed by Adler & 
TchernomoretE (1989) in assessing the value of stilbamidine in L donovam 
infections. Up to the present the golden hamster has been the only animal 
readily available in this coxmtry for such tests (Fulton, 1044 Goodwin 1944) 
Besides bang very susceptible to infection It is easily handled but it breeds 
well m captivity only for part of the year We have now found that the cotton 
rat {Stgmodon kitpxdiu hxspxdus) which was recently mtroduced to this 
country for the study of rickettsial diseases, is also very susceptible to visceral 
leishmamasis. The details of the initial expcnmaits with this animal are 
recorded below 


METHODS 

The miccave material was obtained from the spleen of a hamster infected 
with a stram of Lexthmania donowxnt that had been mamtained m hamsters 
smee its isolation from an Tndmn patioit with kala azar in 1989 After mincmg 
with scissors, spleens were emulsihed with pestle and mortar m Ringer glucose 
and passed through a thin layer of cotton wool to remove gross particles The 
suspension was In all cases mjected mtrapcntoneally m 0 5 ml amoimts to 
animals approximately 6 weeks old. One heavily infected organ provided 
suiBcient material to moculate 20-80 animals and gave nse to infections which 
could be detected in spleen smears 2—8 weeks later The number of I/eishman 
Donovan bodies m the moculum was estimated either b> counting the red 
cells pr esent after suitable dilution followed by relative counts of red ce lls and 
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Leisliman-Donovaii bodies in a stained film, or by muong the mitial suspension 
"With one of fowl cells of known dilution and counting the relative numbers of 
red cells and parasites m a stamed preparation In order to determme the 
progress of mfection m the experimental animals they were killed at mtervals, 
and a rough count of the number of parasites was made m smears of hver and 
spleen under standard conditions with m oil-immersion lens and 6 x 
eyepiece The infection m spleen is accepted as a good mdication of the degree 
of general infection When stamed smears from animals killed first m a senes 
contamed no detectable parasites, cultures were made of hver and spleen on 
Locke serum-agar medium 


RESULTS 

In the first expenments with cotton rats four ammals were moculated at the 
same tune as 40 hamsters with infective material from the spleen of one 
hamster Forty-three days later, the hamsters underwent partial splenectomy 
for another purpose The number of parasites m splemc smears from this 
batch vaned from a few per 100 fields to 150 m a single field In two cotton rats 
killed 65 days after inoculation hver and spleen smears contamed only a few 
parasites per 100 microscopic fields, whereas m two cotton rats killed after 
99 days, the counts were 40 per field, showing that the infection had progressed 
mth time In view of these results, serial passage was earned out at the same 
time m both cotton rats and hamsters These -passages, in which animals of 
both species were sometimes given the same moculum and on other occasions 
were inoculated vuth infective matenal from their own species, are summanzed 
in Fig 1 

The details of the resultmg infections are given in Table 1 

Passage A Yery heavy infections occurred m hamsters from the 56th day 
after moculation onwards, seven animals dying on the days indicated The 
cotton-rat infections were less heaiy at the earliest examinations, but later 
were as mtense as those m the hamsters It is noteworthy that the health of 
cotton rats appeared to be imaffected Three whole heavily infected hamster 
spleens were used to provide the infective material 

Passage B The infective matenal v as obtamed from the spleens of two very 
lieaAulv infected cotton rats (index 4 and 5, see Table 1) In both types of 
ammal the infection appears to have developed v ith equal rapidity The senes 
was, how e\ er, small, and it is v ell recogmzed that individual infections m 
a batch of hamsters recenung the same inoculum shovs considerable variations 
m intensiU' 

Passage C The cotton rats vere inoculated vith a moderately infected 
spleen (index 2) from an animal of the same species and the hamsters with 
a \crv hea\ul\ infected spleen (index 5) From previous experience vith 
hamsters the hea\ner inoculum v ould be expected to give a shorter latent period 
of infection This pro's ed to be the case, in the cotton rats infection in smears 
vas first detected 65 dajs after inoculation, as compared with 9 days m 
hamsters In cotton rats, hov cs er, cultures rea ealed the presence of parasites 
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as early os the 28th day The final intensity of splenic infection was similar in 
both groups 

Passage D Eighteen cotton rata were infected from the spleens of three 
animals of the same species with very heavy infections (mdex 5) Infection was 
detectable from the 17th day onwards and progressed till the 101st tiay when 
the remaining twelve animals were killed and all were foimd to have hea^dly 
infected spleens 


Suspenaiem of tofected 
hamfter ipleen 


12 bamiten 12 cottoo rnU 

I a 105 dnyi 


-J* 08 days 

/\ 


4 hanut^n 0 cottoa raU— 

I C 00 dflyi I e hamstm 0 cotton rati 

IS huoaten 12 cotton rata | O 85 dayi | 

D 153 day« j 12 bamiteii 12 cotton raU 

18 cot^ raU 

E 101 

50 hiunsten 148 cotton rats 


Fig 1 Tbe oome of tertal passage of Mshntanla tn cotton rats and hamsters. The letters 
designate the passages made and tbe days refer to tbe Interval between eaeb passage 
and the pr e ceding one. 


Passage E One hundred and forty-eight cotton rats and 50 hamsters were 
each moculated with approximately 14 million parasites obtamed from the 
spleens of 12 cotton rats with heavy mfeebons (mdex 4 and 6) 10 animals were 
killed 14 days after moculation and parasites were seen in the organs of six 
Another 10 were killed on the 28th day after inoculabon and parasites were 
found m all liver spleen and bone marrow smears Simflar results were 
obtained m a further 10 animals killed 42 days after moculabon. In the 
hamsters mfeebon progressed m the same way The experiment is still m 
progress 

Passage F The spleen and liver of a cotton rat with a heavy infection 
(index 4) provided the inoculum The progress of the disease was approximately 
the same m both batches of animals and caused the death of one hamster 

Passage O Both cotton rats and hamsters were moculated each with 
approximately 12 million Irishman Donovan bodies from their own species 
The course of the mfeebon in both types of animal was very similar though 
the hamsters began to succumb to heavy mfeebons 71 days after inoculation, 
whereas cotton rats with equally progressive heavy mfeebons, survived and 
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remained "well, 248 days after moculation. four cotton rats ivere still m good 
health and ivhen killed had very heavy hver and spleen infections (mdex 5), 
•while that m hone marroiv "was less hea'vy (mdex 4-5) The spleens of these 
four animals had greatly mcreased m size, one •sveighmg 800 mg m contrast 
"With the 70 mg of a normal animal of the same age The oedema m golden 
hamsters chromcally infected -with L donovam described by Goodwm (1945) 
and the accompanymg amyloidosis described by GeUhom, van Dyke, Pyles & 
Tupikova (1946) ivas not seen m cotton Tats -with s imil ar long-standing 
mfectioiis 


Table 1 The comparative results of passage o/Leishmama donovam 
in cotton rats and hamsters 


Passage 

A 


B 


C 


D 


Index of infection by Leishman-Donovan bodies 


Cotton rats Hamsters 



f 




A 

1 

No of 

Days after 



Days after 



animal 

inoculation 

Liver 

Spleen 

inoculation 

Liver 

Spleen 

1 

26* 

ne 

ne 

56t 

ne 

6 

2 

81 

3 

2 

87t 

if 

5 

8 

81 

4 

8 

91t 

if 

5 

4 

81 

8 

8 

94t 

if 

5 

5 

105 

5 

5 

94t 

if 

5 

6 

103 

8 

4 

95t 

if 

5 

7 

182 

5 

5 

96 

if 

5 

8 

132 

5 

5 

97 

if 

5 

9 

147 

4 

4 

97 

ii 

5 

10 

147 

4 

4 

120t 

a 

5 

11 

161 

5 

6 

125 

a 

5 

12 

161 

5 

5 

125 

if 

5 

1 

26 

2 

2 

26 

2 

2 

2 

42 

4 

8 

42 

2 

4 

8 

56 

4 

4 

— 

— 

— 

4 

69 

5 

4 

— 

— 

— 

5 

82 

5 

5 

82 

ne 

3 

6 

97 

5 

3 

97 

5 

5 

1 

9 

0 

0 

9 

0 

2 

2 

21 

0 

0 

21 

0 

1 

8 

28 

0 

1 

28 

2 

2 

4 

85 

1 

0 

35 

2 

2 

5 

43 

0 

1 

43 

0 

8 

6 

55 

0 

1 

55 

2 

4 

T 

65 

2 

2 

65 

2 

3 

8 

77 

1 

1 

77t 

ne 

4 

9 

90 

2 

2 

90 

3 

5 

10 

153 

5 

5 

04t 

ne 

5 

11 

153 

5 

5 

94t 

ff 

5 

12 

153 

5 

5 

100 

if 

5 

1 

17 

2 

2 

— 

— 

— 

O 

17 

1 

2 

— 

— 

— 

3 

31 

3 

2 

— 

— 

— 

4 

31 

2 

2 

— 

— 

— 

5 

S3 

2 

2 

— 

— 

— 

G 

53 

3 

4 

— 

— 

— 

7-18 

101 

ne 

4-5 

— 

— 

— 
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Table 1 (coni.) 

Gottai nta Honuten 


No. of 

nnlmnl 

Day* after 
inoculation 

liver 

Spleen 

Days after 
inoculation 

Liver 

Spleen 

1 

22 

a 

8 

22 

2 

8 

2 

29 

a 

2 

20 

2 

2 

a 

87 

2 

1 

87 

2 

8 

4 

60 

S 

2 

60 

2 

8 

6 

71 

3 

8 

e4t 

ne 

6 

0 

84 

a 

6 

01 

8 

6 

1 

0 

1 

1 

16 

1 

1 

2 

12* 

DC 

ne 

21 

0 

2 

a 

16 

0 

1 

80 

0 

2 

4 

21 

3 

2 

44 

2 

a 

5 

80 

6 

2 

66 

8 

6 

6 

44 

0 

4 

71* 

ne 

ne 

7 

06 

6 

4 

not 


6 

8 

114 

4 

6 

lilt 


6 

9 

246 

6 

6 

112 

6 

5 

10 

348 

5 

6 

n7t 

5 

5 

11 

248 

5 

6 

118* 

ne 

ne 

13 

248 

6 

6 

128 

6 

6 


Under Dayi after inoculation f indicates death from Idshmaoiatls, and * death from 
anascertnlned cause. 


Index of infection] 

Iwccoean necative, eulture podtiTe. 

2al>100 Donovan bodies per 100 miqrosoo p e fields 

8 b 101-1000 t^hnmn DonoTan bodies per 100 microscope fields. 
iB 1001-0000 Lelshman'Donovan bodies per 100 mlcroecope fields. 
6 b >6000 LeUhmaii'DoaoTan bodies per 100 microscope fields. 

DSBOOt 


Dunng the course of these experiments two litters of rats were bom of 
infected parents The six young of one litter were killed when respectively 
14 88 88 S4 45 and 74 days old and the four young of the second litter 
when 2 75, 118 and 118 days old In none of these ammula could infection be 
detected m smears or cultures of liver and spleen. 

Attempts were also made to infect 12 Orkney voles [MicroUu oreadensu) 
at the same time as cotton rats and hamsters Examinations of liver and spleen 
smears were consistently native and only one positive culture of spleen was 
obtamed. The Orkney vole therefore seemed an unsmtable host for Letshmanxa 
donovanx and the experiments with it were not pursued- 


DISCUSSION 

The golden hamster as the only susceptible anunnl so for available m this 
country has been almost exclusively used m the study of experimental 
Iftift RTAT Our results dearly show that the cotton rat is also a smtable host 
for this infection. In the earlier experiments the number of parasites used for 
inoculation was not determined, so it is not possible to say whether the infec 
tion has become more or 1 ms virulent for the new host. The organs of 98 cotton 
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rats which received an infective inoculum have been exammed In eight of 
these examined withm 28 days after moculation, infection could not be 
demonstrated Some of the failures were due to contamination of the cultures 
Of the 95 hamsters moculated at the same time only one which was exammed 
14 days after moculation failed to show mfection In our expenence with 
many hundreds of hamsters we have never failed to produce infection and we 
consider that such would have proved to be the case with the cotton rats had 
they been exammed after a longer mcubation period The infection progresses 
m cotton rats as regularly as in hamsters with no tendency to spontaneous 
regression up to a penod of 248 days after moculation, and the presence of 
parasites m stamed smears can generally first be detected after the same penod 
m both hosts The irregularities, well recognized m hamsters, in the develop- 
ment of infection m mdividual animals of a batch receiving the same moculum 
also occurs m the cotton rat The spleen of both hosts mcreases remarkably m 
size The degree of general infection m the hamster is mdicated by the number 
of parasites m the spleen (Adler & Tchemomoretz, 1989), and judging by 
the limited exammations of infected cotton rats this observation seems to 
hold also for these animals In chemotherapeutic experiments some workers 
puncture the liver m preference to partial splenectomy m order to establish 
the presence of mfection before treatment, although the mortahty rate during 
this procedure is sometimes high The hver m cotton rats during the early 
stages of mfection is as heavily infected as the spleen, and hver puncture might 
therefore be used with greater advantage than in the case of hamsters, 
especially m view of the susceptibility of the former to poisomng by the 
common anaesthetics It is of mterest that the cotton rat, like the Chinese 
hamster, appears to be unaffected m health by the heaviest infections, m 
marked contrast to the golden hamster, m which death is the mvariable 
sequel Though the cotton rat is less easily handled than the hamster it is 
much bigger -when fully grown and thus possesses certain advantages for 
special purposes It is also a prolific breeder all the year round, whereas the 
breedmg season of the hamster is limited We have not so far used the cotton 
rat extensu ely in chemotherapeutic experiments and its value in this type of 
imestigation has still to be determined In view of the different results 
obtained by Wang (1939) on the one hand, using the Chinese hamster, and by 
Kikuth & Schmidt (1938), with the European hamster, on the other m the 
treatment of kala-azar v itli solustibosan, similar differences may be expected 
nhen this new host is employed Moreover, Cowie & Lauton (1947) have 
recent!} demonstrated that the fate of an antimonial drug may vary videly 
mth the species of animal used It is still problematical how far the use of the 
cotton rat v ill serve as a guide to the treatment of the human disease, since 
m addition the pathogenicity of L donotam varies ividely in the different 
hosts 
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The Inhibition of Fusarium oxysporum var cubense by 
Musarln, an Antibiotic I>roduced by Meredith’s 
Actinomycete 

Bi H IL V ARNSTEIN A. H COOK and MARGARET S LACEY 

The Imperial College of Science and Technology London 

SUMMARY Under eclected condltiona Meredltb • actlnomyocte produced culture 
fluids toxLc to rttany fungi Ftom these Qul<b the active principle called, 
musarln has been isolated by two methods. Preparations active in concentrations 
of 1/80 000-1/100 000 seemed gubstantJallj pure 

Musarln is an optically active add of high molecular weight having b> ralcro- 
titration an equivalent vrelght of at least 4000 Analyses of the best preparations are in 
good agreement with an empirical formula (C^H^OuNg)^ No definite conclusion can 
be drawn about the exact chemical nature of musarln a protein like structure seems 
to be excluded by the km* nitrogen content, which recalls that of many bacterial 
polj'saccharides but formulation as a pol^'saccharido seems equally unsatisfactorj 
because of the low oxygen content 

Tests mdieate that musarln is one of the most potent ontfhmgnl antibiotics though 
as an antibacterial agent it is kss effective It is active against several important 
plant parasites and it may be useful in combating the Panama disease of the banana 
plant and other ftmgol diseases of economic Importance. 

The so-called Panama disease of the banana plant {Mu4c eapienium) caused 
by jFtisanum oxysporum var cubonsCf is known to be inhibited b> certain 
Jamaican sods From such sods Jlcredith (1043 1044) isolated actinomycetes 
which were able to inhibit or retard the development of F oxysporum var 
cubense lAoter it was shown that Meredith s actinomycete produced soluble 
antibiotics agamst F oxysporum particularly when grown on food yeast waste 
liquor (Thaysen A- Butlui, 1945) or on meat extract media (Thaj’sen A Moms, 
1047) 

^Vlulst the biological aspects of the problem arc being further investigated 
bj Dr A C Thaysen in the Colonial Microbiological Research Institute, 
Trinidad, we record here a study of tlie production, isolation and properties 
of a new antibiotic obtamed from the ctdturc filtrate of the aclmomycete and 
termed for convemence musarm This name, although recalling the host plant 
rather than the parent organism seems justified as it avoids confdsion with 
antibiotics denved from other actmomycetes 


EXPHRIMENTAI, 

Cultural eharaders of Meredith s actinomycete 
The ongmal cidture of Meredith s actmomj cete grown on peptone or synthetic 
agar media was dry wrinkled and uniformly white, but on malt-extract agar 
the cultures became deeply pigmented, pale to deep yellow red green and 
a few chalk, white colonies appearing in a single culture. ^Vhen malt agar 
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plates •\\ere inoculated from these variously pigmented growths it was found 
that all the young colonies were vhite or yellow, the red and green pigments 
developing later m some of the yellow colonjes Green colonies often became 
dark red, almost black, after several days, but some colonies started turning 
red on the third day of groAvth By selection and successive replatmg of the 
earliest red colonies a culture m which every colony turned red vas finally 
obtamed By similar selection, homogeneous chalk-white and deep-yellow 
cultures v ere also obtamed , but since the red strain was found to give the best 
results the other strains were not investigated m detail The red strain was, 
however, unstable and had to be continuously selected IMoreover, the colour 
of the colonies was not a sure indication of the capacity to produce active 
solutions when grovm on liquid media and the above relationship of colour and 
activity changed after repeated transfers It was noticed however, that active 
strains invariably produced a dark, diffusible pigment on both malt-agar and 
m liquid casein media, although the pigment had no other conne'uon with the 
active principle, musarm itself is colourless 


Methods of testing for anhbiotic activity 

For the routine examination of actmomyces culture liquids for antifungal 
actiyity F lateritium was used as the test organism m preference to F oxy- 
sporum var cubense, since it readily produces masses of spores 

{a) Agar -plate method i\Ialt- extract agar (for fungi) or peptone Lemco agar 
(for bacteria) vas seeded with the test organism and plates were poured The 
antibiotic liquids v ere filled into holes cut m the. medium v ith a cork-borer 
1 cm diameter The vidth of the inhibition zone vas read after o\emight 
incubation at 37° for bacterial plates Fungal plates vere incubated at 24°, 
and 2 or occasionally 3 days’ incubation vas necessarj' before results were 
obtamed The vidth of the zone varied vith potency of the fiuid A second, 
and sometimes a third, ring or partial inhibition usually developed beyond the 
completely clear zone, frequently edged -with a narrov ring of stimulated 
grov th 

{b) A serial broth dilution method vas also cmplo 3 ’^ed for antibacterial tests 
(c) Hanging-drop method for anti-sporc germination tests A suspension of 
Fusarium spores m nutrient broth i\as mixed vith an equal quantit}-^ of 
solution or vith serial dilutions of antibiotic liquids and hanging-drop slides 
v ere prepared from the mixtures Results were read after o\ emight incubation 
at 24° The antifungal titre of the solution vas taken as the highest dilution 
coniplcteh inhibiting spore germination (-b + + -b) One unit of antibiotic 
potenc\ is arbitrarih' defined as the amount of musarm which m 1 ml of 
nutrient medium completely inhibits F lateritium spore germination The 
following degrees of partial inhibition vere also noted (1) emergence of germ 
tubes from some of the spores but no further grow th ( -f -^ +), (2) germination 
of the spores but no normal m\cehal growth, jeast-hke budding (-b+), 
(3) limited mjcchal growth followed b\' formation of masses of micro- 
conidia (-b) 
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TLe Tvidth of the inliibitioTi tone obtained bj method (a) was closely- 
correlated with the degree of inhibition obtamed bj method (c) m parallel 
tests of the same culture filtrate Rouglily, + + + + + + + + + corre- 

sponded to titrcs of c 1/2 1/4 1/8 and 1/16 respectively, os estimated by 
method (d) 

(d) Diltriwn plates for tests of antifungal activity Solutions of musarm were 
added to measured quantities of melted malt-extract agar to give final dilu 
tions of 1/50 000, 1/100 000, etc- and the mixture was poured into Petn dishes 
A loopfdl of a spore suspension of the fungus was placed on the surface of each 
dilution plate. The plates were incubated at 24® and examined for spore 
germmation and mjcehal growth at intervals up to 6 days In most cases 
there was good mycelial growtli on the control plate after 40 hr In the anti 
fungal tests the results given by methods (a) and (d) and m a limited number 
of tests bv method (c) were closely correlated. 


Production of musann 

Musarm was detected by its antibiotio activity against F laUntium spores 
tested ns described above. It was produced when the actmomycete was grown 
m stationary or shaken (submerged) cultures (see below) it is possible that 
under different conditions more than one antibiotic was fonped but the 
stability and biological properties of the active culture flmds suggested that 
the antibiotics were at least v cry simQar 
StaUonary cultures The actmomycete was grown in 150 ml conical flasks 
containing 40 ml of a defined medium, consisting of KCl 0 5 g MgS 04 7HjO 
(hS g FeS 04 THjO 0 01 g and KJIPO 4 1 0 g mil of water to which was 
added jnsast extract, malt extract, Eupepton No 2 Bacto-Tryptone or casein, 
either with or without 1 % glucose With the exception of the yeast-extract 
medram without sugar and the malt-extract medium with sugar cultures in all 
the media were active against F latmhum The greatest activity was obtamed 
when 1 % glucose and either 0 6 % casern or 0 6 % Eupepton were added. 
Usmg the original mixed actmomycete culture the fluid after 12 days at 25® 
contamed 8 umts/ml with strong retardation of mycelial growth. It also com 
pletely inhibited the growth of Mycobacterium phlei at 1/50 and was fairly 
(LCtivt ogoinst Staphylococcus aureus and BactUus tubtihs but only feebly active 
against Bacterium colt and Pseudomonas pyoeyanea {Ps aeruginosa) 

In one experiment, a flask was coated on the inside with a thm layer of 
malt-extract agar and 40 ml of Eupepton-glucose solution -were added after 
the agar had set. The actmomycete grew well In the solution and formed a 
thick nng of growth on the agar at the surface of the fluid which became 
deeply pigmented. This culture contamed 8 imits/ml but caused slight inhibi 
tion at 1/04 and a very definite clear zone, 8 ifim. wide, on a malt agar plate 
seeded with Fusonum laientium (method a) Similar results were obtained on 
Lemeo peptone agar slopes with solutions of 1 % glucose, lactose or sucrose 
broth at the bottom of the tubes the sucrose culture being the most oebve. 
l\Tien four flasks were moculated respcctivclj with the red j cllow and white 
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strains and the onginal (mixed) culture, the medium containing NaCl 5 g , 
KaHP 04 1 0 g , glucose 10 g , and casern 5 g , m 1 1 , all except the yellow stram 
produced dark brown pigment. Antibiotics against F lateniium spores 
appeared most rapidly (11 days) m the red culture, slowly m the ongmal and 
white strams and very slowly m the yellow, but the final maximum titre was 
the same m aU four cultures All four cultures were equally actiye against 
Myco phlei on the 20th day (1/25) but were mactive against BacU coll The 
white culture alone feebly inhibited Streptococcus pyoghies and was also slightly 
more active than the other three against Staph aureus and B subtihs 

In a second senes of tests the red, white and yellow strams were moculated 
mto flasks, the mtenor of which had been coated with Lemco peptone-agar, 
contammg 18 ml of hquid casern-glucose medium Agam the red stram 
produced dark brown pigmentation of both the agar and the liquid but the 
yellow culture did not do so, the white culture slowly produced pigmenta- 
tion of the agar but the hquid remamed imcoloured As before the red culture 
produced the antibiotic most rapidly, though on this occasion the white was 
slower than the yellow stram In general, activities against a variety of 
orgamsms were similar to those in the previous experiment except that the 
red cultures were active against Bact coli whereas the white and yellow strams 
were mactive, moreover, the red stram was as active as the white against 
Strep pyogenes whereas the yellow was mactive 

All three cultures were very active against Verticillium alho-airum and 
V dahhae, the diameter of the inhibition zone (method a) on malt-agar plates 
was 18 mm 

Production m quart-size milk bottles contammg 400 ml of medium was 
unsuccessful With a medium similar to that used for the production of 
streptothricm by Sireptomyces lavendulae (Waksman, 1948), containing 
IC 2 HPO 4 0 5 g , NaCl 0 5 g , FeSO^ 7 H 3 O 0 01 g , glucose 10 g , and Bacto- 
Tr^^ptone 5 g mil of water, antibiotic was produced only when the orgamsm 
could be induced to grow on the surface by providing support m the form of 
pieces of porous porcelam With a starch (2 %) glycme (1 %) medium (Waks- 
man, 1943) no antibiotic was obtamed, probably for the same reason 

The active flmd from stationarj' cultures was unaffected by acid (pH 2 4) or 
alkali (pH 10 5 ) at room temperature for 80 mm. but v as completely inactivated 
at 100 ° 

Shaken cultures Shaken cultures of the above Bacto-Trjqitone glucose 
medium usmg the ongmal culture of the actmomycete, produced antibiotic 
after 14 days (2 umts/ml ) Eupepton, glycine and com-steep liquor -were less 
effective m that order The antibiotic so produced was as stable as that in 
stationaix culture fluids Heatmg at 100 ° at pH 7 for SO mm inactivated 50 % 

Submerged cultures The fermentation vessel (Fig 1 ) was a tank of } m plate 
iron 15 m high and 16 m diameter, designed so that when charged with 
medium and assembled the whole could be stenhzed as a imit It was fitted 
with a stout screw-on iron lid and rubber washer, the hd was removable for 
cleaiung but earned a screw-on cap (C) for charging, inoculating, and samplmg, 
and a metal stirrer (S) the paddles of which closeh fitted the vessel The tank 
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vraa provided with an inlet (J) connected to a circular iron tube drilled in the 
form of a gas nng burner and reaching almost to the bottom of the tanh. When 
m operation the stirrer was mechanically driven and sterilized air was mjected 
through the inlet J by a pump so that the medium was thoroughly aerated. 
The tank was used about half full with a charge of about 20 1 No special 
temperature control was necessary but good results were obtained only when 
the room temperature was 20-26® With a small excess pressure inside the 
apparatus and a tight fitting sturer gland and cotton wool packing at C 
durmg stenlizotion^ no contamination occurred. The iron scaled durmg use 
this was not harmful, and plating the tank with stainless steel had no marked 
advantage. 



Inoculations were made with a single-slope culture of actmomyccte, pre- 
viously macerated with water Rapid fermentation, especially In presence of 
higher concentrations of Bacto-Tryptone, caused much inconvenient frothmg 
through the loosely fitting sampling bd C The concentration of Bacto- 
Tryptone which seemed to be the important nutrient for antibiotic production, 
was therefore chosen so that fermentation and antibiotic production took 
about 4 days. More rapid production was foUoived by more rapid destruction 
of the antibiotic by aeration and it was found impracticable in view of the 
methods of assay to estimate the time of peak activity m such rapid fermenta 
tions It was also found advantageous to decrease the rate of aeration to the 
m inim um and to limit the amount of medium to about 17 L m order to avoid 
frothing 

Submerged cultures of the original mixed stram were grown In the tank 
using a medium containing NaCI 0 05 % KjHIP 04 0 05 % FeSO* 7H,0 
OHH)25 % Eupepton 0 25 % Bacto-Tryptone 0 25 % and glucose 1 % After 
4-6 days the solution contained 82 umts/mL but after 6 days the potency had 
dropped to 8 umts/ml With 1 % Bacto-Tryptone fermentation was very rapid 
and although the culture was slightly active after 2 days the activity soon 
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disappeared 'S^Tien Bacto-Tr 3 ^tone was replaced Eupepton the maximum 
production of antibiotic was 2 units/ml 
The red stram of the actmomycete was found to produce as much antibiotic 
as the mixed culture, but the yellow stram produced little or none with either 
Bacto-Tr^^itone (0 5 %) or Bacto-TrjTitone (0 25 %) and Eupepton (0 25 %) 
(max 2 units/ml ) Growth of the white stram on the standard medium 
(Bacto-Trj"ptone 0 25 %, Eupepton 0 25 %) was slower than with the red, its 
cultures consistently contained 16 units/ml after 4 days, droppmg to 8 umts/nil 
after 5 da 3 ’^s The red strain, giving 32-64 umts/ml , was therefore selected for 
further study The effect of changing some of the constituents of the standard 
medium is shown m Table 1, which mdicates that the standard medium had 
the most favourable composition for antibiotic production bj'^ the red stram 

Table 1 Effect of vanatioii of medium on the antibiotic production 
by the red strain of Meredith's actmomycete 

Component vaned Potency (umts/ml ) 

Bacto-Tryptone (0 375 %) 32-SO 

Bacto-Tryptone (0 25%)'| 

Eupepton ml J / 

Bacto-Tryptone (0 375 %)\ 

Eupepton (0 125 %) J 

Glucose (15%) 2 

Standard medium 32-64 


Isolation of niusarin from the fermented tank solution 

Earty experiments with stationarj" culture fluids showed that the onlv 
solvent suitable for extracting musarm nas ?! -butanol at pH 7 Extraction of 
a shaken cultiue by this means removed the antibiotic actmtj’^ completel) 
The butanol lajer was separated, concentrated in vacuo, and treated iiith 
excess of ether, when an almost v hite solid precipitated The solid was filtered 
off, it was shghtty hygroscopic and turned brovn m air This material con- 
tamed 35 imits/mg This method failed vith large-scale extractions because 
the antibiotic produced b}^ submerged fermentation vas thermolabile The 
thermolabilit^’^ proved to be due to the impurities m the culture fluid, since 
purified preparations were found to be relatn ety thermostable It n as hoped 
to back-extract the active material into vater bj' adding ether (5 i ol ) or light 
petroleum (5 -s ol ) but the partition coeflicients v ere unfa\ ourablc, onl\ CG and 
50 %, respectn elj , of the actn itj being rccoi cred in the aqueous lai er The 
antibiotic vas adsorbed on charcoal (2 %) and partialh on fuller s earth (1 %) 
but could not be satisfactorilj eluted In this respect, as in manj others to be 
described later, musarm differs from strcptonncui and streptothricin, vhich 
can be eluted from charcoal vith acid alcohol (Lc Page iL Campbell, 10-JG, 
Peck, alti, Grater, Fhim, Hoffhme Allfrcs e'L Folkcrs, 104G) Experiments 
with precipitating reagents shoved that musarm vas precipitated bj adding 
ammomum sulphate almost to saturation, G4 % of the actnitj could be 
reco\cred from the precipitate h\ extraction vith vater and onh 47% h> 
extraction v ith methanol Musarm vas partial!} precipitated from the culture 
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fluid by NaCI but not by Ca 3 (P 04 )j The addition of acid to pH 8 also 
precipitated most of the active material Two methods of isolating musarm 
arc descnbed here 

(1) To 20 I culture filtrate at 0® contammg ICO 000 units was added 0 kg 
amraomum sulphate. The solution was allowed to stand for 2 hr and the 
precipitate (A) was filtered off on further standing more solid (B) precipitated 
A cold methanol extract of precipitate A after concentration in mcuo and 
precipitation v.ith ether yielded 938 mg of a white solid (20 imits/mg 
18 500 umts) A second extraction \vith hot methanol yidded 1178 mg of a 
solid containing 47 100 units Precipitate B (10 g 100 000 units^ treated in 
a similar way yielded 187 mg (7000 umts) and 289 mg (2400 umts) respec 
tivcly The total amoimt of musarm recovered was therefore 75 000 umts, 
porrespondingtoarecovery of 47% In addition 203 mg of a solid containing 
16 000 umts were obtained from the air-dned mycehum by metlianol extraction. 
An aqueous solution of any of these materials gave a precipitate with mercuric 
chlonde or copper acetate solution but no active fraction was recovered 
Solution of the less active soUds in 1 % neutral potassium phosphate bufTer and 
addition of 2 n H^SO^ to pH 8 gave a precipitate, which was separated B> 
centnfugmg and washed with acetone and ether This solid which decomposed 
at about 170 contamed 80 imita/mg It oontomed neither halogen nor sulphur 
it was insoluble in water but dissolved readily In 1% neutral phosphate 
buffer 

(2) The following method gave better results and was used for routpe 
isolation of musarm 

The tank culture fluid was freed fronti all solid matter by decanting and 
filtration. The filtrate (15 L containing 480 000 umts) was acidified to pH 
8 S—IO with dilute HjPO^ The addition of e 0-5 % neutral alumina or sihea 
before acidification at this pioint oftoi facihtated the subsequent filtration but 
was not essential A precipitate appeared almost immediately and was allowed 
to settle. The solution was then filtered and the filtrate containing 60 000 units 
vas discarded The precipitate was eluted b> shaking vigorously for 1 hr vith 
1 6 1 1 % neutral sodium phosphate buffer solution. The eluatc was filtered 
(820 000 units recovery 67 %) and extracted twice with 500 ml fi butanol 
After the first extraction 82 000 units (10%) and after the second extraction 
only 8200 umts (1 %) remamed m the aqueous layer The butanol extracts 
were combmed, washed with a bttic water and evaporated to dryness tn vacuo 
at 45 The residue was dissolved m e 100 ml of methanol and the solution 
filtered and concentrated to small volume in vacuo Addition of ctlicr pre- 
cipitated 2 g of a slightly ycllon sohd, containing 100 umts/mg The recovery 
was therefore at least 200 000 umts or 42% Some of the yellow pigment 
could be removed by reprecipitatmg the antibiotic from methanol with acetone, 
but no increase m potency was achieved by this treatment. 

The mycehum of the actmomy cete also yaclded musarm though the quantity 
isolated was somewhat variable and the potency was usually low In one 
instance the air dned mycdium from 20 1 of fermented solution was extracted 
with hot metlianol (wt after extraction «=* 7*7 g ) The solution was filtered and 
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evaporated to dryness tinder reduced pressure The residue vas dissolved in 
1 % neutral phosphate buffer and extracted -with 7 i-butanol The butanol 
extract was concentrated tn vacuo Addition of ether precipitated 208 mg of 
an almost white sohd, which contamed 80 units/mg. 

Chemical properties of musann 

Musarm is an acid with an equivalent weight of c 5000 as indicated by 
electrometnc titration The sodium or potassium salt is soluble in water, 
methanol, ethanol and butanol, but not m ether or acetone The free acid is 
insoluble m water or acetone, but is soluble m 80 % aqueous acetone and 
alcohol The acid is obtamed as a flocculent precipitate when a neutral solution 
of musarm is acidified with dilute HCl, H 3 PO 4 or H 2 SO 4 , but organic acids such 
as acetic or oxalic acid do not precipitate musann completelj’^ Musarm is also 
precipitated b)^ BaCL, HgCh or copper acetate, but the active material cannot 
be recovered from the precipitates or the supernatant liquid 

The free acid is somewhat unstable even when kept as the dry sohd, but the 
sodium salt appears to be stable The activity vas unaltered at pH 2 or 11 at 
room temperature for 80 mm but was completely destroyed at 100 ° xmder 
tliese conditions Heating at 100 ° at pH 7 caused 50 % inactivation after 
30 mm and 60-80 % mactivation after 1 lir 


Table 2 Chromatography of musarm on alumina 


Fraction 

Vol of eluate 
(ml) 

Wt. of sohd ■ 
(mg) 

Total units 

1 

35 

20 

80 

2 

30 

143 

3,600 

3 

20 

335 

27,000 

4 

35 

270 

21,500 

5 

110 

70 

4,500 

6 

80 

Trace 

— 


Fraction 3 [a]D°=32 + S 4° Recoverj of ncti\c material from whole chromato- 

gram =33% 

l\Iusann (SO-lOO umts/mg ) could not be purified further by fractional 
precipitation v ith 0 0506 n-HCI or by clrromatography on alumina Chromato- 
graphy was best earned out by usmg Merck’s alumma vhich vas adjusted to 
pH 5-6 V ith 50 % H 2 S 04 and washed thoroughly with 85 % aqueous methanol 
Li a t\-pical expenment 2 g of musarm [a]i?° = 35 1° ± 1 6 ° (80 units/mg ) in 
85 % aqueous methanol (50 ml ) were purified on 20 g of Merck’s alumma Tiic 
column was eluted with 85% aqueous methanol Each fraction was concen- 
trated 111 laciio to 5-10 ml and the active material was precipitated with 
c 100 ml acetone (Table 2 ) 

The most potent preparations of musarm sodium salt decomposed at about 
170° without melting The sodium salt was optically acti\e [a] 2 ?° =35 1 ° ± 1 6 ° 
(c 1 21 in methanol), [a]^°=38 7°±2 7° (c 0 736 m methanol) and absorbed 
ultra-%noIet light A^ = 2400, 2670 (inflexion) A, EJ^ = 875, 200 (in 
ethanol! Anah ses of the free acid (Foimd C, 57 75, H, 8 34, N, 3 70 %) and 
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of the sodltun aalt of similar potency (Found C,57 5 568 H,8 56 827 
N 4 08 4 25 %) were very similar reflecting the high equivalent weight of 
musann. Musarm did not contain sulphur halogen or phosphorus These data 
are in agreement with an empirical formula, (requires C, 57 85 

H,8 3,N, 8 8%) 

ilusann gave n^ative Molisch, hlillon and- biuret testa for carbohydrate 
and protein respectively but certam preparations gave a weak lunhydnn test 
after hydrolysis with 5 N HQ at 100* for 2 min. Smce this reaction was not 
given by all preparations it is not considered significaht. Musann gave no 
coloration with sulphuric add m acetic add or with lodme, and the Salkowski 
and Liebermann tests for steroids and cholesterol as well as the murexide test 
were also negative Musann did however give a positive Axenfeld reaction 
for protein, ue. a red colour was obtamed when a solution of gold chlonde was 
added to a boiling solution previously acidified with formic acid, on addition 
of gold chloride a blue-violet colour developed. 

Treatment of musann with an ethereal solution of diazomcthane resulted 
m an moctrve product which was insoluble in 1 % nentral phosphate buffer 
Similaiiy treatment with methanol containing a few drops of mcthanohc HCl 
gave an inactive product, soluble m acetone and chloroform but insoluble m 
1 % neutral phosphate buffer Thissobdhadanopticalrotstion[a]P*=»82 2±2 0* 
(c. 0696 m methanol) 

Txiraiwn of mutann vnih acxd and alkali Micro-titration both of the free 
aad with sodium hydroxide and hydrochlonc acid and of musann sodium salt 
with hydrochloric acid was earned out m a special cell usmg o glass electrode 
(Catch Cook & Kitchener, 1946) Titration of the free acid (40 unlts/rng) 
indicated an equivalent weight of c 8000 but of this musann sodium salt 
(80 units/mg ), a value of c. 4000 The titration curves were complex, pre- 
sumably due to the presence of other groups 


Biological propcriies of mwann 

In all the following tests musann containing 80 or 100 units/mg was 
used. 

Antifungal adhoiiy Table 8 records the highest dilutions of ihusarm in which 
the germination of the spores of sixteen fungal species was completely m 
hibitcd In most cases the next higher dilution dela'V'ed germination for 
24—48 hr and there was corresponding poor and slow mycelial development. 
In the lower dilutions most of the spores looked dead but no tests were made 
to prove this The gemunation of spores of Fiuonum hm was permanentlj 
inhibited only at 1/50 000 but m 1/100 000 although the spores germinated, 
they produced only short, hypertrophied germ tubes which shrivelled and 
died. A dilution of musorm of 1/200 000 caused delaj and poor development 
of mycelial growth in F Itnt It is apparent from Table 8 that musann is 
a powcrftil antifungal agent, bemg especially active against the destructi^ e 
plant parasites VertteiUtum dahliae V albo-atrum, Batryta cinerea and 
CcToiostomeUa paradoxa. 
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Comparison of the antifungal activity of musann mth streptomycin and 
sti eptothricin The antifungal activity of musann was compared mth that of 
a sample of streptomycm containing 700 units (Schatz, Bugie & Waksman, 
1944) per mg and of a sample of streptothricm contaimng 400 units (Foster & 
WoodrulT, 1943) per mg , against the sixteen fungal species given m Table 8 


Table S Antifungal activity of musann 
(80-100 umtsjmg ) 

Highest dilution affecting spore 
germination 


Fimgus* 

Plant disease * 

Complete mhibibon 

Delay 

Fusanum oxysporum 
var cubense 

Panama disease of 
banana 

1/100,000 

1/200,000 (48 hr ) 

F latentium 

Bud rot of frmt trees 

1/100,000 

1/200,000 (48 hr) 

F culmorum 

Foot rot of cereals, 
die-back of carna- 
tions 

1/100,000 

1/200,000 (48 hr ) 

F lim 

Wilt of flax 

1/50,000 

1/200,000 

Botrylis cincrea 

Grey mould of 
lettuce 

1/400,000 

1/800,000* 

VerticiUium dahliae\ 

IVilt of tomato and 

f 1/800,000 

1/1,600,000* (24hr ) 

V albo-atnim J 

many other plants 

\l/800,000 

Ceraiostomclla paradoxa 

Pmeapple disease of 
sugar cane 

1/400,000 
(No mhlbition at 
1/800,000) 


Rhtxopus stolomfer 

Soft rot of frmts < 

1/50,000 

1/100,000 (24 hr ) 

Corticum solam 

Stem canker of 
potato, etc 

1/800,000 


Scleroiima frucUgena 

Brown rot of apples, 
etc 

1/800,000 


Aspergillus parasiticus 

A tiigcr 


1/50,000 
1/100,000 
(No inhibition at 
1/200,000) 

1/100,000 (48 hr ) 

Pcnicillium notatum 


1/50,000 

(No inhibition at 
1/100,000) 


Melaiiospora destruens 
Altcrnaria sp 


1/400,000 

1/400,000 

1/800,000 


♦ Poor mycelial groirth 



(method a) Streptomycm vas quite inactive against all the fungi and a 
concentration of 1/100 did not mliibit the germination of Fusarmm laienimm 
spores in hanging-drop cultures 

Streptothricm v as actn e against all tlic fungi except Aspergillus parasiticus 
It vas about as potent as musann against the four Fusanum strains, Pentcil- 
hum notatum and Aspergillus niger, but was much less active against tlie other 
nme cultures , morco\ er, the inhibition of all grow th in and o\ cr the surface of 
the clear zones was permanent on the musann test plates but on the strepto- 
tlmcm plates the nucelial growth gradualh spread all o\cr the originally 
mliibitcd areas For example, musann produced a 15 min wide zone against 
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Ceraiostomeila paradoxa and this area was still entirely free flrom growth 
25 days later, streptothncin produced a 10 mm Mnde zone which was reduced 
m 8 daj"B to 8 mm by the growth of mycelnim over the surface, 

Antihadcnal adwxty of musann iMusann, m a concentration of 1/500 pro- 
duced a 7 mm, wide inhibition zone m plates of Siaph aureiis From these 
tests and from similar tests against S stibtiUt and Sirtp pyogenes it appeared 
that musann was onlj feebly active against Gram positive bacteria, but when 
broth dilutions were made it was found that musann was very actu'e agamst 
Siaph aureus completely inhibiting growth at 1/500 000 The highest effective 
dilutions of musann against fl^e bactenal species is shown m Table 4 

Table 4 Aniibadenal acUviiy of musann (80-100 unUsfmg ) 

Hiflbett effective 
Bacterium dlicrtfon 

Staph, aumts 1/500,000 

B tuuau 1/100 000 

Strep pyogena IfiS 000 

Afyco phtei I 1/100,000 

Bact. a>tl Len than 1/5000 

It was evident that the agar plate method gat e no entenon of the anti 
bactenal activity of musann, although it guvt a fairly accurate measure of 
antifungal activity Two explanations of the divergence of results seemed 
possible mosarm might diffuse into an acid but not mto on alkaline medium 
for whereas the frmgol tests were made on acid malt agar the bacterial tests 
were mode on medium of pH 7 2 or musann might diffuse so slowly mto the 
medium that the rapidi;^ growing oureus colomes were established before 

the antibiotic had reached beyond the 7 mm rone Owing to the slower rate 
of growth of fungi the fungal plates would not be so affected by this factor 
Experiments showed that the second explanation was correct. Thus a 15 mm 
wide zone developed round a 1/1000 solution of musann on a test plate of 
Siaph aureus held at room temperature, whereas a control plate, meubated at 
87* produced the usual 7 mm zone only 

Comparison of ike antibadenal adtviiy of musann streptomycin and sirepto- 
thncin Broth dilution tests showed that streptomj cm and streptothnem were 
much more active than musann against 2lyco pklei The limiting titrc of 
musann was 1/100 000 but strcptomj'oin (700 units/mg ) and streptothnem 
(400 units/mg ) completely inhibited the growth of Myco phlei at 1 /250 000 the 
highest dilution tested JIusann was more active against Staph, aureus than 
either streptomyem or streptothnem All three antibiotics were about equally 
active agamst •S'/rep p^/ogenes but strcptomy’Cin was less acbvengnmstB tuUilis 
than either musann or streptothncin The greatest difference, hois ever in 
antibnctenal activity was agamst Bad call for whereas both streptomycin 
and streptothncin were effective against tins organism in about 1/76 000 
dilution there was hea^’y growth Bad. coli even m the 1/5000 dilutions of 
musann (Table 6) 
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Table 5 Antibiotic activity of mixmnn (80-100 umtslmg ), streptomycin (700 
Walsman umtslmg ) and streptothncin (400 Foster S Woodruff umtslmg ) 


Highest effective dilution of 


Test organism 

Musarm 

t 

Streptomyem 

Streptothnem 

General antifungal activity 

Very strong, permanent 

None 

Strong, transient 

Aspergillus parasiticus 

1/50,000 

None 

None 

Verticillium sp 

1/800,000 

None 

1/250,000 

Rhizodoma sp 

1/800,000 

None 

1/50,000 

Ceratostomdla sp 

1/400,000 

None 

1/50,000 

Staph aureus 

1/600,000 

1/100,000 

1/100,000 

Myco phlei I 

1/100,000 

<1/250,000 

<1/250,000 

Bact coh 

> 1/5000 

1/75,000 

1/75,000 


IVe are indebted to Sir Ian Heilbron, D S O , F R S , for his interest and encourage- 
ment and to the Colomal Products Research Council, under "whose auspices this work 
was earned out, for assistance We also thank Dr A C Ths3^en for the ongznal 
actmomycete cultures used m this work 
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An Apparatus made from Meccano Parts for the 
Preparation of Roll-tube Cultures 

By a HmSCH 

Naiionallnstitute for Research in DairyiTig Univcnity of Reading 

SUMMARY Equipment can be readily mode In the laboratory for the mechanical 
preparation of roll tubes. Roll tubes so prepared can largel} replace Petri dishes both 
lor counting and for single colony Isolations. 

The recent shortage of Petn dishes has compelled the adoption of an alternative 
method for counting viable bacteria. The roll tube method which consists 
essentially m the replacement of Petn dishes by teat tubes, was chosen (Wilson 
1922) Apart from considerations of accuracy rolled tubes are more economical 
than Petn dishes smee ordmarj test tubes may be used, only one-fifth of the 
medium Is required and the number of dilutions is reduced since it is customary 
to use a standardized dropping pipette to dehver a known volume of moculum 
mto the tube. Agamat this must be set the disadvantage that streaking and 
picking of individual colonies requires a greater mampulative skill than with 
Petn dishes 

Withell (1988) obtained n standard error of ±5% with roll tube counts. 
Using similar statistical methods Jemunson A Wadsworth (1940) obtamed 
a similar figure for the plate method with a reasonable number of repheates 
and only three dilutions the standard error was ±66% 

Uniform roll tubes are difficult to prepare without mechanical aid Thompson 
(1984) described an apparatus for making them and a successful commercial 
model was apparently obtainable in America before the recent war (Prouty, 
Bendixen A Swenson, 1944) Based on pubhshed photographs of thm model, on 
apparatus was constructed from Meccano parts It is simple m design, ordinary 
test tubes (1 6 x 25 cm.) with cotton wool plugs arc used and it has proved 
successful m daily use for 8 months 

THE APPARATUS 

Test tubes contain mg 2 ml of melted agar (2 %) medium arc inoculated and 
placed m the machme as shown m PI 1, fig 1 The whole machme is mclmed 
from front to back at an angle of 9® so that the melted agar remams in the 
bottom 4 cm. of the tubes The tubes arc then rotated. The agar creeps up 
to withm 2 cm. of the cotton wool plug and sets in about 2 min. Friction 
between the hinged front plate D and the cotton wool plug reduces the speed 
of rotation from 9C0 r p m (unloaded apparatus) to 650 r p m. when fully 
loaded with the four tubes 

The general arrangement of the equipment maj be seen in PL 1, figs 1 and 2, 
The roDers which cause the tubes to rotate and the mam shaft arc carried on 
a substantial framework. The frame itsdf is simple and consists of right angled 
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girders made rigid with base plates and cross-girders The apparatus measures 
2 ft X 5^ m at the base and is 12 m high 

The healings Each tube rests on four wheels of which the tuo pairs of 
driving wheels F (PI 1 , fig 2 ) are fixed on their spmdles, ulule the others are 
free runnmg Eadh pair of dri\’ing u heels, which have rubber tjues (a strip 
of bicycle mner-tubing) to ensure adequate friction, rotates two tubes in an 
anticloclvAvise direction The idler w heels on arm G are set at such an angle to 
the axes of rotation of the driving wheels that the tubes tend to tlirust agamst ' 
the back plate F, instead of the hmged front plate F Friction against the 
front plate J5 must be mmimized to avoid undue loss of speed and to prevent 
formation of large amounts of cotton-wool dust Some cotton-wool dust is 
inevitable and for this reason the rubber-band drive is preferable to a geared 
drive 


Method of siting the tubes 

Each tube is supported on four wheels and enclosed front and back b}'^ metal 
plates If the apparatus is perfectlj'^ adjusted the hmged front plate D becomes 
unnecessar 3 >-, but this condition is difficult to mamtam m practice 

The tubes are held m contact mth the rollers by means of the sprmg-loaded 
idler u heels Hj~H^ , carried on the hmged arm G Avhich is loaded with a 200 g 
u eight (see PI 1 , figs 1 and 2 ) These idler u heels are Meccano pulleys no 23 
fitted u ith rubber tjues They are imder tension by the action of small com- 
pression sprmgs I 1 -I 4 , and held in position with a collar K The fixing screw L of 
collar K is suIBciently long to enable the screw and collar to slip behmd another 
screv ill This arrangement prevents lateral movement of the idler wheels but 
allov s free movement in the vertical plane Contrarj' to expectation, it was 
found in practice that best results uere obtamed if the tension spring Ii uas 
stronger than the other tension sprmgs 

The arm G, uliich is mounted on a plate F, has a sliding adjustment so ns 
to allow the idler u heels II to be brought centrally over each tube 

The drive The drive is clearlj’^ shown in PI 1 , fig 2 Pullej’^ wheel A trans- 
mits the power from a 1/5 h p motor to pullej's B and C The drne to the 
spindle of the rollers is elTected by means of rubber bands attached through 
a right-angle tuni 

The counter The colonies arc counted m the apparatus shown in PI 1 , fig 3, 
which IS a slowly rotatmg support for the tubes set against a black back- 
ground 

.Streak tubes can rcadilj be prepared bj’’ means of this equipment The 
bottom of a roll-tube contaming the sterile medium is gripped in the clip, the 
tube IS rotated (at a greater speed than for coimting) and after remo\ mg the 
plug the charged loop is mserted and slowlj withdrawn in contact with the 
agar when a spiral streak will result 
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EXPLANATION OF PLATE 

Fig I The appamtot with four roU tubes in position 

S Tbe apparatus with the arm bearing the idler wheels raised. 

Fig 8, Slowlj rotating holder for counting roll tnbe cultures. 
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The Cytology of the Gram-positive Cocci 

By K A BISSET 

The Department of Bacteriology, University of Birmingham 

SUIMMARY The long-chamed and short-chamed variants of Streptococcus pyogenes, 
Str vindans and Str faecalis possess a structure closely resembhng that of rough and 
smooth bacillary variants Cocci of the long-chamed strains are frequently divided 
by transverse cell walls mto two cells, each containmg a smgle chromatmic body 
Short-chamed strains fail to form transverse cell walls, the cocci dividmg by con- 
striction, they are umcellular and usually contam a pair of chromatmic bodies 
Analogous types occur m Staphylococcus aureus and Staph albus In one of these 
types the cells contamed a well-defined central granule, dividing with the coccus 

It has been pointed out (Bisset, 1988) that there is a close analogy between 
the smooth and rough morphological types of rod-shaped bacteria on the 
one hand, and the short-chained and long-chamed streptococci and pneumo- 
cocci on the other The long-chained streptococci, like the rough bacilli, 
adhere to one another after cell division and form a ‘Medusa-head’ colony 
(PI 1, fig 1) whereas the short-chamed cocci, hke the smooth bacilli, separate 
more or less completely, and form relatively struetureless colonies (PI 1, fig 2) 
This variation is entirely independent of those usually described as S-vR in 
the pneumococcus, or ‘matt ’-►‘glossy’ m the streptococcus, each of which is 
concerned only with the capsular matenal In a recent paper (Bisset, 1947) 
the author has shown that rough variants of species both m the Bacienaccae 
and the BaciUaccae are often divided by transverse cell walls and septa mto 
several cells, each containing a single cliromatmic body The unicellular smooth 
variants contam a pair of bodies and do not form transverse cell walls In the 
present study the minute structurp of the two types of streptococcus, and of 
certam types of staphylococcus, is compared with that of the bacillary variants 
Nuclear structures have been reported in various Gram-positivc cocci 
(Piekarski, 1938, Robinow, 1942, lihaysi, 1942), and single, double, and 
multiple nuclei have been described, although not m a streptococcus Knaysi 
& Mudd (1943) failed to demonstrate nuclear structures m a streptococcus v ith 
the electron microscope, but claimed to ha\ e done so in a staphy'lococcus 


METHODS 

The osmic-acid, HCl-Giemsa, and tannic-acid-\nolet teclmiques of Robinow 
(1945) vere used throughout, and water mounts were alvays employed The 
value of these teclmiques m the examination of bacterial chromatmic apparatus 
and cell walls depends upon the remo\al of the staimng capacity^ of those 
portions of the cell which it is not intended to demonstrate By hydrolysis 
with HCl, the poly saccharide material which probably forms the major portion 
of the cell wall is rendered unstamablc and at least partially destroyed After 
this treatment bactena appear much reduced in size by the loss of this surface 
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material Tannic acid leaves the cell \ 7 all unharmed, and destroys or renders 
unstainable the protein contents of the cell which appears as if empty Token 
together, these methods probably give a reasonable picture of the structure 
of bacteno. 

The streptococci studied vero stock cultures of Streptococcus pyogenes Sir 
vtndans and Sir faecaUs used for the production of Lancelield grouping sera 
and strains recently isolated from both the human subject and dogs They were 
of various anbgenic groups and were either alpha or beta haemolytic Neither 
of these characters was correlated with the morphological vanation under 
examination the strains were cither long chamed or short-chained upon 
isolation and some had smcc produced variants Colony form and habit of 
chain length was examined by ipcans of impression preparations (Bisset, 1088) 

Strains of Staphylococcus aurrus and Staph albus acre exammed Some 
strains were stock cultures and others were newly isolated from pathological 
matenol or from random, air home contaminants A stock culture of Sarctna 
hitea was also examined Cultures were made upon horse blood agar plates, 
and were exammed when about 24 hr old. 

f 

OBSERVATIONS 

^Yhen stamed by tannic-acid violet to demonstrate the cell walls the two types 
of streptococcus were markedly different m appearance The long chained 
forms which were mamlyiS/r^toeoccuspi/ogene# and iSfr vmians were almost 
completely spherical and a large proportion of coca had obvious transverse 
septa, continuous with the cell wall Recently divided cocci were closely 
appbed together and no great degree of constriction was observed m their 
diVTSion (PI 1 flg 8) The short-chamed forms which were strains of Sir 
pyogenes and Sir faeealts were lanceolate m outlme and without transverse 
septa. Marked constnctions appeared between the dlvidmg cocci and separa 
tion was -complete or almost so (PI 1 flg 4) The newly formed cell walls 
between recently divided cells of this type were ummstalcably different from 
the septa, which m the long-chained forms halved otherwise entire cocci The 
occasional long filaments which appeared m both types of coccus as also in 
both S and R bacilh occasionally exhibited what appeared to be transverse 
septa, even m the short-chamed types As the same filament might also show 
signs of division by constriction, however it is probable that these apparent 
septa were mdicative of past rather than future division, and merely marked 
the faflure of the new sub-umts to separate after the formatioD of the new cell 
wall (PI 1 fig 5) 

When stained with Glemsa, after hydrolysis for about 2 hr long-chained 
COCCI showed a varied appearance (PL 1 fig G) In the majority of cells the 
protoplasm retamed its staimng capacity the most obvious feature being 
the unstamed bar representing the septum. Where hy'drolysis was more 
complete, the only structures retaining the stam were relatively long narrow 
chromatmic bodies arranged m pairs These pairs were sometimes so dose 
together os to be almost touching and sometimes more widely separated- 



128 


K A Bisset 

By superimposing tracmgs of photographs, taken at the same magnification, it 
Tvas possible to estabhsh that the former pairs were capable of bemg contained 
withm a single coccus, presumably on the pomt of dmsion, whereas the latter 
were so spaced as to he m each half of a dl^^ded or septate orgamsm (Fig 1) 
In the short-chamed form stained by acid-Giemsa, the majority of cocci 
contamed two bodies, which, though apparently spherical, were probably 
merely unresolved A mmority contamed only one (PI 2, fig 7, Fig 2) 


Fig 1 Composite tracmg from Fig 2 Composite tracing from 

PI 1, figs 3 and 6 PI 1, fig 4 and PI 2, fig 7 

The majority of strains of both Staph aureus and Staph albus exammed 
bore a close resemblance, in then mmute structure, to long-chamed strepto- 
cocci Well-marked transverse septa were obsert^ed (PI 2, fig 8) their position 
being mdicated m the Giemsa preparations by an unstained bar across the 
middle of the coccus (PI 2, fig 9) Unlike the streptococci, however, the 
succeedmg division was often at right angles to the preceding one, and it was 
common to find a recently divided coccus m which one of the daughter cells 
had subdi\nded m this manner, before complete separation had occurred (PI 2, 
a m figs 8 and 9) Cells of abnormal length were not found, but occasional 
COCCI, greatly swollen in aU dimensions, were to be seen In the ordmary 
processes of growth the mcrease m size was three-dimensional, and not by 
elongation as m the streptococci In staphylococci with this morphology a 
imicellular coccus vas the exception rather than the rule Chroniatmic bodies 
were even less clearly defined than m the long-chained streptococci, appearing 
merely as comparatn ely heavilj’^ stamed central areas in the cytoplasm The 
cjdoplasm strongly resisted hydrolysis mth HCl and retained its staining 
capaciW after many hours The second morphological tj-pe of staphylococcus 
was much less commonly found, although it included saprophytic albi(s strains 
and haemoh’tic aureus strains isolated from pathological material The cells 
contamed a clearly defined granule, central or slightly eccentric in position 
(PI 2, fig 10) Division of the granule preceded that of the coccus, and grov th 
vas mamh, although not exclusncl>, bj elongation This type of coccus did 
not form trans\ersc septa, and vas apparently unicellular (PI 2, fig 11) 
Morphologically this ty-pe of staphydococcus vas similar to the stram of 
Sarcina lufea examined, although only the Sarcina was arranged in the typical 
packet-of-eight The existence of discrete, central chromatinic bodies in this 
genus is already fully' recorded (Pickarski, 1938, Robinov, 1942) 

DISCUSSION 

The demonstration of chromatimc bodies m Streptococcus and Staplnjlococcus 
b\ means of Robinov s modification of Fculgen’s reaction, serv es merely to 
bring these genera into line vith the other bacterial groups vhich ha\e been 
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studied m this ivay A separate discussion of the significance of the finding is 
not appropriate to this paper The present observations are of assistance, 
however, in the interpretation of some of the previously recorded observations 
upon the nuclear apparatus of staphylococci Khayfei (1D42) appears, from his 
photographs to have been observing a septate staphjlococcus although the 
septa are not desenbed. The multiple granules demonstrated in a staphylo 
coccus by Khaysi L Mudd (1948) by means of the electron microscope, may 
possibly be mterpreted as the effect of desiccation upon the same type of 
coccus m a multicelhilar condition, as m Fig 8 no 2 

<Q> <50 X«> >®f)(lpXX*pX)(iX 

I 1 1 

Hg 8 Fig 4 



Fig 5 Fig 0 


Fig 8 Sbcrt*chalned rtreptococcos in p to ce« of dhislofi Soggested iDterpretatloo^ 
Fig 4 Long*ctiained (treptocoociu in proocn of dlvidoo Saggetted interpretatiaQ 
Fig 6 SeptatQ ftapbylococetu In procen of dlvlsloou Suggested iDterpretatJocL 
Fig 6 Noa*«eptiU« ftapbykwocsmi in process of division. Soggestsd InterpretatioD 

It IS of interest to observe that the paraDel between smooth and rough 
variants in the bacillary genera, and short and long-chsmed streptococci 
appears to extend to their ramute structure In both groups the variant which 
adheres in chams after division and consequently forms ‘Medusa head 
colomes, also produces mulbcellular bacilli or cocci possessing transverse cell 
walls and with each cell containing a single chroraatmic body except, 
probably immediately before division (Fig 4) Similarly m both groups the 
variant which separates completely after division fails to form transverse cell 
walls and divides by constnction, producing unicellular bacteria, each of 
which contains a pair of chromatmic bodies (Fig 8) This resemblance between 
the streptococci and the bacillary genera is enhanced by the observataon that 
both types of streptococcus grow by elongation, and when normal cell division 
fails to take place produce long filamentous elements of normal breadth 
analogous to those occurring m cultures of bacillu In fact, the only basic 
difi'erence between a streptococcils and a beciHus is average cell length. 

Although the staphylococci also produced septate and non septate forms, the 
analogy cannot at present be earned any further The septate form docs mdeed 
resemble closely the long-chamed streptococcus, but differs m that it is a true, 
radially symmetncal coccus mcreasmg m sixc m all dimensions and capable 
of dividing in any plane (Fig 5) The non septate form is quite unlike either 
of the streptococcal forms m its possession of a single chromatmic granule, 
which, from its resemblance to the acknowledged nuclear apparatus of Sarcina 
can fairlj be regarded as a discrete nucleus (Fig 0) 


9 -* 



130 


K. A. Bisset 


REFERENCES 

Bisset, K A (1938) The structure of ‘rough’ and ‘smooth’ colonies J Path Bad 
47, 223 

Bisset K A (1947) The cj-tologj'^ of smooth and rough \'anation m bactena J gen 
Microbiol 2, 83 

ICxAYSi, G (1942) The demonstration of a nucleus m the cell of a stapln lococcus 
J Bad 43, 365 

IvN'A'iSi, G & Mudd, S (1943) Internal strueture of certam baetena as re%ealed by 
the electron microscope — a contribution to the stud 3 '- of the bactenal nucleus 
J Bad 45, 349 

Piekabski, G (1938) Z-s-tologische Untersuchungen an Baktenen im ultra\ToIetten 
Licht ZbI Bakl (1 Abt Ong ), 142, 69 

Robixoay, C F (1942) A study of the nuclear apparatus of baetena Proc Boy 
Soc B, 130, 299 

Robivow, C F (1945) Addendum to The Bacterial Cell, Dubos, R J Hairard 
Unn ersity Press 

explanation of plates 

Plate 1 

Fig 1 Long chained streptococcus colon^ , impression preparation x 500 

Fig 2 Short -chained streptococcus colona , impression preparation xSOO 

Fig 3 Long chained streptococcus showing transi erse septa Tannic-ncid-\aolet x 3000 

Fig 4 Short-cliaincd streptococcus dnading b\ constnction Tannic acid-nolet xSOOf) 

Fig 5 Short-chained streptococcus Tlie long filament shoivs a point of constnction near 
one end, and an apparent septum probabh representing an uncompleted diaasion 
Tannic acid-\aolct x 3000 

Fig C Long chained streptococcus The central group is fulb h\droI\scd and onh the 
pairs of chromatinic bodies are stained In the rest of the field the entire ci-toplasni of 
tlie cell IS stained in most cases, and the unstained gap, representing the septum, is 
cicarls shown Acid-Giemsa x3000 

Plate 2 

Fig 7 Sliort cliaincd streptococcus shoiving double chromatinic bodies in most of the cells 
Acid Gicnisa x 3000 

Fig 6 '^cptalc staphs lococcus o is a coccus disading at right angles to the prcsioiis 
diMMon Tannic acid-saolct x 3000 

Fig 0 Sept itc staphs lococcus o is a coccus producing a secondan septum at nglil ancles 
to the pnman one \cid-Gicmsa xOOOO 

Fig 10 Non septate staphs lococcus Acid Gicmsa x 3000 

Fig 11 Non septate staphs lococcus Tannic acid-saolct x3000 
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A Method for the Measurement of Mutation Rate from 
Phage Sensitivity to Phage Resistance in 
Escherichia coh 

G H. BEALE 

Carnegie JniilluUon Cotd Spring Harbor N Y 

SUMMARY The growth of Escherichia coh etialn B/r on nutrient agar it the aarao 
as In broth with regard to the Initial lag period and the rate of increase during the 
exponential phase On nutrient agar growth Is finally slowed down either when 
individual colonies contain more than 2** bacteria, or when the total number of 
baotcria/4 in. plate exceeds 10‘® 

The rate of mutation to phage realstanoe was measured by a modlflcation of 
Demcreo s method of spraying plate cultures with o phage aerosol, and counting 
resistant survivals, ‘WHh the phage Tl after twelve bacterial generations on nutrient 
agar at 87® the value of 0-74 ± 0 04 mutations/lO* bacterial divisions was obtained 
and after eighteen bacterial generations 0*70±(H>4 
Resistance to Tl phage is probabI> bron^t about by at least five separate 
mntatlons as shown by tests of resistance to olber phages DifTcreint strains of E coil 
yield differe n t Erroportlonj of some of these mutants. Thus strain B/r yielded a 
lower proportion of the mutant Bfl than did strain B Furthermore as different 
strains of Tl pliage may contain varying amounts of the phage mutant Tl A, capable 
oflyaingthebacterlalmutantR/1 butnotB/1 5 variations in the relative propo^ons 
of B/1 and B/l B may also occur when different samples of phage arc us^ Con 
sequently constancy of mutation rate can only be guaranteed for given cultures of 
hoth bacteria and phage. 

A method for the measurement of the rate at which phage resistant cells of 
E coh arise m phage sensitii e cultures has been described by Luna & Dclbriick 
(1948), who adopted the technique of growing cultures of the bacterium for 
gi\ en penods of tune in liquid broth media, and subsequently plating out known 
small amounts from the cultures on to nutnent agar plates, together with an 
excess of phage particles AH except resistant bacteria were then killed, and 
the proportion of the latter could easily be determined by allowing them to 
grow mto visible colonies. The calculation of the rate at which sensitive bactena 
gave nse to resistant ones was however compbeated by the fact that the 
proportion of resistant bactena depended largely on the tune at which mutation 
took place because a single eaii> mutation would lead to the formation of a 
large clone of resistant bactena, and o late one would yield only one or two 
resistant cells. Lunn A Dclbriick attempted to overcome this difficulty (1) by 
basing their calculations on the proportion of cultures which did not contain 
any resistant mutants at all and (2) by utilixing the avemgq number of 
resistant bactena per culture The first method which makes use of only a 
part of the available information, gave a mutation rate of frOS x 10“*^fbac- 
tenum/divisjon cycle, and the second method, which is inaccurate on account 
of the assumption that there are no early mutations gave values \aryung 
be tw e en 0 76 and 2 8 x 10“* 
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Demerec (1946) modified the above method by grovmg the baetena on 
nutrient ggar instead of m a liquid medium, and bj’^ applying the phage as 
a fine aerosol sprayed on to the plates lATien gro-wn on eoneentrated agar the 
bacteria do not move about to any serious extent, and consequently all 
mutations occurring after platmg are represented by smgle colonies, no matter 
hov many bacteria have been formed by multiplication of the original mutant 
cell The difficulty is now to determine precisely the number of bacteria on a 
plate at the moment of spraymg with phage It is the object of the work here 
described to show how this may be done and, from the data obtained, to make 
a more precise determination of the mutation rate from phage sensitmty to 
phage resistance The advantage of this method is that it enables one to 
determine the mutation rate at a given time m the development of a bacterial 
colony, V hile the method of Luria & Delbruck gave only an average for the 
rates over the whole period of growth 


I^EETHODS 

General 

The cultures of G coh used in all experiments here described were made from 
the radiation resistant Bjr strain of Witkin (1946), with the exception of the 
tests described m the section on Sub-classtficaiion of mtttanis (p 189) vhcre 
strain B (from which Bjr v, as originally deri^ cd) v as also used Phage cultures 
V ere prepared from the Tl strain Grovdh and mutation rates were studied on 
standard media prepared from Difeo nutrient agar, 2 3 g /I , together v ith 
XaCl, j g /I , and a trace of gentian violet to dimmish the chance of contamina- 
tion b} air-bomc Gram-positn e bacteria All cultures vere incubated at 37° 
Care was taken to ensure that the Petri dishes A\ere kept at this temperature 
right up to the moment of platmg the bacteria, and to minimize the time 
during vhich the plates were exposed to room temperature — (vhicli vas ne\ cr 
more than 2 min ) Grovth vas checked at any desired time by transferring 
the platc-s to the cooling element of a refrigerator ( — 5°) for 3 min , and after- 
vards storing them in the mam chamber ( +5°) until required At 5° neither 
growth nor death occurs apprcciabh during a few hours 

Spn\ing of phage was carried out ns deseribed by Dcmcree (1916), except 
that a larger tjpe of nebulizer (no 40) was found to be neeessarj m order to 
dclncr enough ph igc particles on to the surface of the agar in 2 mm After 
. ‘-praMng with phage cultures were incubated for at least 48 hr to permit 
re‘>i'-tant colonic-- to liccoinc casih a isiblc ith a shorter period of incubation, 
th' v'owcr-growing colonic-- were sometimes missed 
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The effectiveness of this washing process ^-as tested by pipetting on to a 
senes of plates a suspension containing a known number of bacteria, spreadmg 
the drop nllowmg to dry and finally washing the bactena off again before 
there was time for multiphcation to have taken place. Table la shows the 
relative amounts of bactena recovered m each of five successive washings of 
the same plate. On the average, 81 % of the total recovered were recovered m 
the first washing In Table lb the number of bactena recovered m the first 


Table la. Percentage dtitninriion of bactena infve tueccsnve 6 ml 
saline washings of bactenal plate cultures 
Plate 


^Vttihlng 

1 

2 

8 

4 

3 

e 

7 

8 

Slean 

1st 

878 

71 0 

738 

oto 

63*3 

87*8 

01 8 

86-0 

81 8 

2nd 

11 3 

23-0 

21 2 

25-8 

12-8 

11 1 

0*0 

0*0 

15 1 

8rd 

0*7 

4*3 

4*0 

6 1 

17 

1 5 

1 1 

1-4 

SO 

4th 

0-8 

1 0 

06 

8-4 

0*4 

0-4 

0*1 

0-4 

0*8 

3th 

(H)l 

0*2 

0 1 

08 

0-03 

0*23 

008 

o-os 

0*1 


Table 1 6 Companson of number of bactena plated mth number recovered. 
tn first washing of ike plate culture 
Plate 

1 S 8 4 5 BJeao 

No plated (X 10*) lOT 182 2W fiOO iW 203 

No recovered In m woihUig ( X 10*) 184 SOO 188 188 184 174 or 84% 

washing is compared with the number plit on, and the mean here is 84 % Thus 
the washing process la effective, and four successive washmgs would remove 
almost all the bactena from a plate This method was used for determining the 
growth rate of bactena op nutnent agar as desenbed below Subsequently 
however, the technique was simplified by mskmg a single washmg with 10 ml 
salme, sttmng up thoroughly and counting a 0*1 ml samplepipetted directly 
from the flooded plate, instead of pooling the entire washings into a separate 
tube and counting the ik>o 1 The simplified method was found to be just as 
reliable as the first, and much qxucker 

Using the method of four successive washings, each of 6 ml. saline, pouring 
off and counting a mixture of all four washings the rate of increase of E coh 
(stram B{r) on nutnent agar at 87 was detenniued for penods ranging from 
0 to 12 hr (Tabic 2 and Fig 1 ) A fully grown, aerated broth culture was used 
as source of bactena in these experiments which were made ov er a penod of 
6 days It will be seen from the graph that there is an initial log penod of 
about IJ hr* Growth then proceeds exponentially for about 8 hr when the 
rate of mcrease diminishes The slojie of the curve mdicates a division c>*clc of 
about 20 min. Thus the growth rate of S coh (strain S/r) is essentially, the 
same as that determined in broth by ^^^lkJn (1040) Similar results have 
recently been reported for another strain of E colt b> 3fajT Hartmg (104'’) 
using somewhat different methods. 
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Table 2 Growth rate of 'Ei co\i {Bjr) 07i nutrient agar, measured by 

the washing method 


Growth 
at 37° 
(hr) 

Multiphcation of number of bacteria plated 

Plate 


( 

1 

2 

3 

\ 

4 

Mean 

1* 

1 3 

1 2 

1 1 

12 

1 2 

2 

2 0 

— 

— 

2 1 

23 

24 

72 

5 0 

1 7x10 

8 5 

9 0 

si 

03x10 

4 6x10 

, 5 6x10 

9 6x10 

6 5 X 10 

4 

1 7 X 10= 

— 

— 

— 

1 7x10= 

44 

3 5 X 10= 

4 5 X 10- 

8 6x10= 

3 4 X 10= 

3 7x10* 

5 

1 G X 10= 

2 6 X 10’ 

— 

— 

2 1 X 10= 

H 

3 7 X 10= 

— 

6 0 X 10= 

2 8 X 10= 

4 2 X 10= 

04 

— 

8 3x10* 

— 

2 4x10* 

2 8x10* 

7 

— 

7 6x10* 

9 2x10* 

— 

8 4x10* 

74 



2 6x10' 

2 8 X 10' 

2 5x10' 

2 0x10' 

8 





— 

2 0x10' 

2 9x10' 

84 



— 

1 8x10' 

— 

1 8x10' 

0 



2 9 X 10' 

1 9x10' 

3 0x10' 

2 0x10' 

04 



5 3x10' 

3 2x10' 

6 0x10' 

5 Ox 10' 

10 



4 9 X 10' 

— 

G 0 X 10' 

5 4 X 10' 

104 



7 4 X 10' 

1 4x10= 

8 Ox 10' 

0 8x10' 

11 



— 

1 2x10* 

0 0x10' 

1 0x10’ 

114 





1 9x10= 

1 2x10* 

1 5x10’ 

12 

— 

— 

2 1X10’ 

1 2x10* 

1 0X10’ 


Initial lag period on nutrient agar and in liquid broth media 

In order to determine the initial lag period ■« ith bacteria grow ing on nutrient 
agar and compare it ith the lag of similar samples of bacteria groi\ mg m 
liquid broth media, three fully grow n cultures of strain Bjr of difTcrcnt ages 
were taken and tlie lag determined on agar and in broth for eacli Tlic 
results (Table 3) indicate that the lag periods are the same in the tw o media 


Table 3 


Initial lag period ofYi coh {Bjr) grown on nutrient 
asar and in broth 


Age of culture 
(da\s) 

O 

s 

20 


Lag period (min J 


In broth 


On agar 


78 

00 

114 


70 

92 

120 


Effect of crowding on growth rate on nutrient agar 

The elTect of high densities of bacteria on the growth rate on nutrient agar 
IS showm in Table 4 Senes of platings were made with ^a^^mg numbers of 
bactern and the plates ineubatcd for 54, Cl or 7 hr The initial number of 
bacteria was so chosen as to lead to the production of between 10^ and 10 
b ictcna/platc after ineubation It was found that when the final number of 
bacteria is greater than 10'®, growth rate was markedK diminished (Table t, 
cols 3 and 4) 
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It has alread}’^ been shown (see Table 2 and Fig 1) that growth rate of 
bactena in individual colonies slows down after 8 hr , or about runeteen 
generations, no matter how small the number of colomes/plate Now W'e have 
a second limitation of the exponential growth period, namely the total number 
of bacteria/plate, wdiich must not exceed 10^° Consequently, there may be 
a restriction of growth either within colonies, when they contam more than 
2^® cells, or between colonies, when the total bacteria/plate is more than 10^® 

Table 4 Effect of crowding on growth rate o/E cob {Bjr) on 

nutneni agar 


Growth at 37° 

No of bactena 

Final no of 

Theoretical final no 
assuming exponential 

(hr) 

plated 

bacteria 

growth 


2x109 

5 X lO’o 

8x10” 


4x10* 

0x10' 

2 X 10’“ 


2x10® 

7x10' 

8x10’ 


lxl0« 

2 5 X 10' 

4x10' 


4x10“ 

2x109 

2x10* 

6J 

2x10* 

7 6 X 10’“ 

Ox 10’= 

2x10' 

1 X 10’“ 

C X 10'“ 


4x10' 

8x10“ 

1 X 10'“ 


3 X 10' 

7x10' 

8x10’ 


2x10' 

CxlO** 

6x10* 

7 

2x10* 

4 X 10’“ 

2 X 10” 


2x10' 

9xl0» 

2 X 10’“ 


lx 10' 

Cxl0» 

1 X 10’“ 


4xl0‘ 

6xl0» 

4x10’ 


Grotcth of bacteria from actively groxomg cultures 

As described abo\e, it is possible to determine the growth rate on agar of 
bacteria taken from fully grown cultures How ever, any one dctcrmmation is 
likel} to dc^ late from the mean by as much as 100 % and such dctermmations 
have to be made separately for each experiment on account of uncontrollable 
variations in the mitial lag period Nevertheless, there was evidence that the 
growth of E coll on nutrient agar was extremely constant, under constant 
conditions, and if one could onlj determme tins rate accurately, and at the 
same time get rid of the mitial lag period, it would no longer be nccessarj' to 
make separate determinations for caeli experiment, all that would be required 
would be a knowledge of the number of bacteria plated, and the time during 
which growth was taking place 

Consequenth some tests were made with bacteria from actncly growing 
cultures in which the bacteria were still actnch duiding These tests showed 
tliat when bactena were taken from a broth culture, whether aerated or not, 
containing more tlian 10" bacteria/ml , a short mitial lag was obtained But if 
the culture contained less than lO'/ml the growth rate was exponential from 
tin. moment of plitmg Table 5 .shows the results with cultures contuning 
from 2 X !(/ to 7 x 10' For c icli test 0 1 ml of the culture was plated, using 
the undiluted culture for the 4 hr senes and a dilution of 1/GO for the 0 hr 
vtnc' Tne mean increase after 4 hr growth was found to be 5 8 x lO’ times. 
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and after 6 hr 8 8 x 10® times These results mdicate a generation time of 
19J muL, "With no initial lag period. 

It is clear that the number of bactena/platc may be estimated simply from 
the mcubation period and the numbCT of bacteria imbaHy plated and this 
method was adopted for the mutation rate experiments 

Tables Growth ofEi coh from adxxxly grtrwing cultures 



Inocoloax 

Factor of Increase after 

Tot 

(no,/ml ) 

4hr 

6 hr 

1 

21X10* 

6 2x10* 

4 8x10* 

2 

2-6x10* 

68x10* 

8 BxlO* 

8 

2 2x10* 

0 0x10* 

8-76 X 10* 

4 

8 7x10* 

6 6x10* 

4 2x10* 

S 

2'7xl0< 

6-76 X 10* 

27x10* 

0 

6-0x10* 

4-6x10* 

8 86x10* 


Means 

68x10* 

8 8x10* 


Number of phage parttcles reywred 

An important conxiition for the success of the aerosol method of sprajning 
phage parbclcs on to bacterial colonies is that a sufficiently large number of 
phage particles must be ddivered and bring about immediate infection of all 
or nearly all sensitive bacteria. If an appreciable number of bactena escape 
immediate infection they will be able to pass through one or more divisions 
before b ei ng lysed and durmg this tnne addibonal mutations may occur and, 
when there is on insufficient excess of phage, an unduly high mutation rate 
will be obt^ed. 

Table 6 Effect of varying amounts of phage on appearance of mutants 

Mean no of 

No of phage No of realttant 

pardt^ applied bacterla^late eolDnlca/pUte* 

f 8-00 

8x10“ 4'3xl0» -j S'I'C 

I 4-75 

{ 8S5 
3 2C 
4-75 

* fl g nm U derived from obcervadou qq foor platet. 

An attempt was made to determme the cntical excess of phage over bactena 
by fjtlnng an extremely concentrated phage suspension (1 5xl0“/ml ) and 
spraying it m varying concentrations each on to a senes of smiilar bacterial 
cultures aU containing about 4 x 10* bactcna^latc. Thus one senes received 
about seventy times as many phage partidcs as bactena and another onlj 
SIX times as many From the mean numbers of resistant colonies surviving 
each treatment (Table 6) it will be seen that there is no diJTerencc between the 
two senes and consequently nothing is gamed by applying to the bactena 
more than a six fold excess of phage, when the number of bactena is about 
4 X 10*/plnte, In other tests a smaller number of phage particles was applied 
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and this sometimes resulted m a rise m the numher of survu\'ing colomes, 
mdicatmg insufficient infection at the tune of sprajang However, the actual 
point at which this phenomenon becomes important is difficult to establish, 
owmg to uncontrolled fluctuations 

Under conditions of reasonably low humidity, it is possible to spray 0 8 ml 
of a phage suspension m 2 mm on to an agar plate, without disturbing the 
positions of the bacterial colomes Thus, if a phage stock has a titre of 2 x lO^^/ml 
( V hich can be readily obtamed for Tl m broth), the desired eight-fold excess 
can be obtamed if the number of bacteria does not exceed 8 x 10®/plate, and 
this latter number is just sufficient to jueld a workable number of phage- 
resistant mutations 


RESULTS 

Muiahon rate after 4 and 6 hr groioth on nutneyit agar at 37° 

At the same tune as the growth-rate determmations summarized m Table 5 
were made, a similar senes of nutrient agar cultures vas prepared for the 
mutation-rate determinations These cultures were treated m precisely the 
same manner as the grov'th-rate senes, except tliat the process of v ashing and 
assaying vas replaced bj’’ that of sprajung A\ith phage, remeubatmg for 48 hr 
and counting the sunuAung colomes Table 7 sIioaa s the results Six actiA'cly 
groAAing cultures Aicre prepared, on different days, and from each culture 
a senes of platings A\as made, using 0 1 ml /plate at full strength for the 4 hr 
senes, and at a dilution of 1/GO for the 6 hr senes Tins procedure leads to the 
dcA elopment of approximately the same final number of bactcna/platc m both 
senes The number of baotena plated A\as determined by making a careful 
assay of the original culture The number of bactcna/plate at the time of the 
phage application aaus calculated by multiplying the number plated by 
5 8 X 10® m the 4 lir senes, and by 3 8 x 10® m the G lir senes The mutation 
rate is dcriA cd simply bj diA iding the mean number of resistant colonics by 
the number of bactcna/platc at time of phage application This is legitimate 
Ijccause there A\ere no mutations present on the plates at the start of the 
expenment, and the numbers of bactena plated are A’crj^ small m comjianson 
AAith the numbers at the time of applying the phage 

The means in the tA\o senes — 0 74 x 10-® and 0 70 x 10"® — agree Aery a\c11, 
and statistical anal} sis b} the t test confirms that the tA\o means do not diflcr 
sigmficantl} This agreement giA cs encouraging justification for the method 
adopted 

It IS thus cAident tliat no matter AAhctlicr a large number of bacteria is 
grown for i comparatiA eh short time (sufficient for twehe generations), or 
a smaller number for a longer time (sufficient for eighteen generations), the 
number of mutations expressed as proportion of mutants in the bacterial 
pojnilation is the same One must, IiowcAcr, make the important rc-serAation 
th it thi'- rcguIaritA c in oiih be assured for hicteria winch are growing in the 
e'pontntial please If bacteria are taken from old full} growm cultures, or if 
the A are illowed to grow on a pi ite to a densitv sufficient to cause a slowing 
down in the r-ite of increase, the method here de-seribcd heeome-s unrf liable 
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Sub~cla*8ification of mutants 
It IS known that resistance to a partiAdor phage may be produced by 8e\ caal 
more or less mdcpendent mutations (Demcrec A- Fano 1046) E coh has two 
principal mutants resistant to Tl namely Bfl resistant to Tl but sensitive 
to Tfl and Bfl 5 resistant to both Tl and T5 An attempt was made to 

Table 7 Mutation rate after 4 and 6 growth 

Mutation 



Age of 


No of bacteria/ 

Mean no * of 

rate/IO* 


culture 

No of bacteria 

ptate at time of 

resistant 

bacterial 

Culture 

(hr) 

plated 

phage application cotocles/plate 

dlvlslonx 

1 

4 

2 1 X 10* 

12 2x10* 

tM» 

0 74 





7 75 

0-M 





S 75 

0 72 

2 

4 

2-6 X 10* 

131x10* 

12-00 

0-70 





10-00 

1-00 

a 

4 

2 2x10* 

12 8x10* 

7 50 

0 50 





1023 

0-80 

4 

4 

8 7x10* 

21 5 X 10* 

10-50 

0 01 





17-00 

0 70 

s 

4 

27x10* 

IB'^xlO* 

12-00 

0-70 





11-00 

0-70 

6 

4 

8"45xl0» 

20-0x10* 

10-00 

0-50 





11-00 

0-58 

1 

0 

8 5x10* 

18 3x10* 

11 25 

0-85 





12 25 

0-02 





750 

0 56 

2 

0 

4 8x10* 

10 8x10* 

14'“5 

0-00 





18-00 

080 

3 

0 

3-7 x 10* 

141x10* 

625 

CK« 





02^ 

0-00 

4 

0 

0 2x10* 

23-0x10* 

13 75 

0-68 





10-75 

0-84 

0 

6 

4-5x10* 

17 1 X 10* 

11 75 

0 00 





10K)0 

0-58 

0 

0 

0 0 X 10* 

20 2x10* 

14-00 

0 53 





21-00 

0-80 


Mean mutation rate (4 hr )«»(0'74±0-{U)x 10~* 

(6 hc)-(OT0±O-M)xlO-* 

Difference betnioen means — 0-W x IO~* 

Standard deviation of difference — tKKJ x 10~* 

t — O-eT P (36 degrees of freedom) — 0*ft 
* Each mean is derivTd from observatlocu on four plates 

determine the relative proportions of these and of ccrtnm other mutants m 
representative samples obtained by the spraying method. This part of the 
investigation was however made difficult by the property which Tl has of 
producing mutants of the type known as TlA (formerly designated a ), 
capable of lysing Bfl bacteria, but not B/1 6 (Luna, 1045) If there were an 
appreciable amoimt of Tl /i m the stock of Tl used for spraying most or all 
of the Bfl mutants on a plate would be eliminated Furthermore even if it 
were possible to prepare a stock of Tl entarcly free of Tl A, mutation from Tl 
to T'ih could still take place on the plates Thus the determination of the 
proportion of Bfl mutants is always an undenistimate 
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Preliminary tests mdicated considerable variations m the proportions of 
Bjl and B/1, 5 in different experiments, and m particular it was found that 
cultures derived from stram Bjr produced a lower proportion of B/l mutants 
than cultures derived from stram B Such variations might have been due to 
differences m mutability of the different bacterial cultures, but equally to 
variations m the amount of Tlh in the stocks of phage used for spraying In 
order to distmguish between these alternatives, two fully grown broth cultures 
were set up, one of stram B, the other Bjr, and from each of these two cultures 
three sub-cultures were prepared b}"" taking a small moculum m broth and 

Table 8 a Sub-classificatton of mutants derived from E coh 
strains B and Bjr 

Strain B Strain Bjr 


Test phage Mutant Test phage Mutant 


Sub culture 

f 

T3 

Tlh 

~TS 

No 

-A , 

Type 

T3 

TIA 

Ts' 

No 



Tj-pc 

1 

S 

R 

R 

53 

■B/1, 5 

S 

R 

R 

04 

S/1,5 


S 

S 

S 

G 

S/1 

S 

S 

S 

1 

S/1 


s 

R 

s 

1 

S/1 A 

R 

S 

s 

1 

S/I, 3 

2 

s 

R 

R 

07 

S/1,5 

S 

R 

R 

79 

S/1,5 


s 

S 

S 

19 

S/1 

S 

S 

S 

9 

S/1 


R 

S 

s 

1 

S/1,3 

R 

S 

s 

1 

S/1,3 

8 

s 

R 

R 

02 

Bfl.B 

S 

R 

R 

108 

S/1,5 


s 

S 

S 

31 

Bll 

S 

S 

s 

5 

S/1 


s 

R 

s 

o 

S/1 A 

R 

S 

s 

1 

S/1,3 


s 

S 

R 

1 

S/1, 5x 







R = resistant, S=sensitnc 


incubating for 2^ hr It was so arranged that each sub-culture contamed 
actn el} dmdmg bacteria, and such a Ion number of phage-rcsistant mutants 
that a sample of 0 1 ml vould m practice be entirely free of mutants Platings 
v ere made from the sub-cultures and incubated for 0 hr , n hen the plates were 
spra}ed vith a sample of pliagc contaming a minimum of Tl/i (c 30-40/ml 
tested against B/1) After further mcubation for 3 days, the mutant colonics 
had grown to a com ement size, and n ere tested for resistance to a number of 
phages b\ the streak method of Dcmcrec & Fano (1945) From each mutant 
colon} a broth suspension was prepared for the streak tests Sometimes 
bacteria thus obtained vould not grow vhen streaked out in concentrated 
suspensions, presumabh due to the presence of pliage mutants in the suspen- 
sion This difficult} was oicrcome b} streaking the bacteria first m dilute 
suspensions and thus freeing them from tlie pliage 

Each mutant vas tested against the phages T8,T5 and a stocl of Tth 
spccialh prepared resistance to Tl being assumed The results are shown m 
Tables So and b, and eonfimi tliat bacteria from strain Bjr proiluce fewer Bjl 
mutants in comparison with 2?/l, 5 than do bacteria from strain!? There arc also 
indications that the different sub-cultures of the same strain arc heterogeneous 
in their capacits to mutate to Bll, though further data arc needed to make this 
cU ir Finalh it is seen that i number of exceptional mutants appe ir, vhich 
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do not fit stnctlj in to the dosses Bfl or B/1 5 Thas there ore three of the 
type B/l/i , which arc resistant to TlA but sfcmitive to rs one B/1 Sx 
which IS sensitive to Tl A but resistant to T6 and four B/1 3 The occasional 
occurrence of simultaneous resistance to n and T8 had alreadj been recorded 
by Demetec & Fano (1045) 



Table 86 Summary of data from Table Sa 


Strain B 

Strain Bfr 

Sab-culture 

Ratio of Z?/l 5tofl/I 

RntloofR/l e to B/1 

1 

68i ” 

64i 2 

2 

C7j20 

7® 10 

a 

68 88 

lOSt 6 


Total 18a:00(orM%II/l) 

251:18 (or 7% fl/1) 


It must, however be admitted that the streak method for sub-class Ifying 
the various mutants is not very satisfactory since there is a possibfiity that 
secondary rautationB will occur during the period of growth of the mutant 
colomes on the plates or in, the broth suspensions prepared from the mutant 
colomes However this does not alter the conclusion that resistance of E coh 
to phage Tl may be brought about by any one of a number of different 
mutations evidence for five of which has been obtained here, and that the 
relative or absolute frequency of the difierent mutations may vary m different 
bactenal cultures, and under the selective action of different phage stocks 


DISCUSSION 

Lurla Delbrilck (1948) were able to prove that the heritable change in a 
bactenum which brings about phage resistance is something m the nature of 
a spontaneous mutation i e that it is not a change mduced bj the application 
of the phage, but occurs m the bocteniun before the pliage comes mto contact 
with the bacterium They were also able to estimate the mutation rate to 
phage resistance. 

The techmque m the expenments described here is vabd only if one accepts 
Luna L Delbrilck*s hypothesis If this is done the estimates of mutation rate 
made here are more precise. The absolute value of 0 7/10* bacterial divisions 
is within the range of figures obtained bj Luna L DelbrQck. Furthermore, 
what is established here is the constancy in over all mutation rate imder 
constant conditions i e by using one particular culture of bactenum and one 
particular culture of phage, and confinmg our observations to the penod 
during which the bacteria arc in an ncti\cly dividing state, we find that 
muiation rate u a eojisiant function of ecU division This is the mam conclusion 
to be drawn from these experiments, and gives further support to the genetic 
interpretation of the change from phage sensitivity to phage resistance. 

The difference between the strains B/r and B in producing mutants B/1 and 
B/1, 5 may be due to some property m the B/r stram associated with radiation 
resistance, but it is more probablj a chance effect This Is supported by the 
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data in Table 8 a, which indicate that dilf erent sub-cultures from the same stram 
differ m the relative proportions of Bjl and B/1, 5 mutants Inch are produced 
It thus seems possible that such variations m mutability may arise spon- 
taneouslj’^ after a comparatively small number of cell generations VSTiether the 
total mutation rate to 2’1 resistance would be materially affected by this 
vanabilit}’^ m mutation rate to B/1 (vhich m these expenments amounts to 
a maximum of 30%) is not known, nor have ve any information on the 
specificity of the effect, i e whether a high production of B/1 mutants is 
associated with a high production of some other mutants as well Further 
work IS required on these problems 

The author ivishes to express his thanks to Dr M Demerec for offenng lahoratorj' 
facihties for Uus investigation, to Dr Sejnnour Cohen for preparing the concentrated 
phage stock mentioned on p 187, to Dr S E Luna for suggesting a number of 
alterations to the mlanusenpt, and to Miss Manon Cnppen for tecJinical help 
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The Isolation and some Properties of a Virus-Inhibiting 
Protein from Phytolacca esculenta 

By B KASSANIS and A. KLECZKOWSKI 
RothamHed BxperimenUil SUxOon Harptnden Herts 

SUMMARY An inhibitor of plant viruses can be isolated from the sap of Phytolacca 
escttlenia by differential prcdpltntion with ethanol followed by adsorption on celrte 
and elution with 10% NaCL Pa rifled preparations contain 14-15% nitrogen and 
8-12% carbohydrate and the Inhihitor la probably a glycoprotein Denaturation 
leads to kws of Inhibiting power The protein unless denatured Is unaffected by 
pepsin and trypsin. 

The glj coprotein Is Isoelectric at about pH 7 It can combine with tobacco mosaic 
virus, and when salt-free solutioas of the two are mixed in certain proportions at 
pH values between their Isoelectric points It precipitates the virus In the form of 
paracrystalline threads. The glycoprotein also predjHtates tomato bushy stunt virus, 
added to several plant viruses, the glycoprotein caoses on immediate 
reduction In infectivity buthos noeffectonabact^ophage. Non Infeotlvo mixtures 
regain infectivity wb^ diluted. No evidence was found for a combining ratio of 
^’l^u8 to Inhibitor necessary to cause loss of infectivity The mechanism of virus 
oeutralixation is discussed. 

Substances that are known to mhibit the Infecbvity of tobacco mosaic vims 
include a polysaccbande isolated from yeast (Takahashi 1942 1946) and a 
number of proteins such as trypsin, nbonudcase, globm and clupem (Stanley 
1084 Lonng 1942 Klec 2 kow 8 ki 1946) They vary m their efBciency as 
inhibitors and nbonuclease is the most active, but all show certain common 
features Reduction of infectivity occurs immediately the virus and mhiblting 
substances arc mixed and infectivity can be restored by dfluting the mixtures 
Also all the proteins are isoelectnc at pH values above 7 

Sap from a number of different plant species is also known to Inhi bit 
infectivity of tobacco mosaic virus and of some other mechanically transmis- 
sible plant viruses (Grant, 1984 Fulton, 194S Kunte& Walker 1947) in much 
the same manner as the inhibitors named above, and of those so far studied 
saps from species of Pf^laeca seem to be the strongest inhibitoTs No attempts 
have been made to isolate the materials from plant saps responsible for inhlbi 
taon but from their studies on crude sap of spinach Kuntz &, Walker (1947) 
conclude that there are two mhibiting prmciplcs present and that the pro- 
perties of one of them suggest that it may be o protein. 

This paper describes a method for concentratmg and purifying the inhibitor 
from sap of P esctdeiiia and its preliminary identification as gl> coprotein, 

materials and methods 

The sap of different plants was obtained by passing their leaves through a 
domestic meat mmeer and expressmg the juice through checse-cloth The sap 
w^as usually left for a few hours at room temperature and then clarified by 
centrifugation for ^ hr at BOOO r p m. 


■oMJia 
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]\Iost of the inhibition tests were made n ith tobacco mosaic virus (T M V ), 
which vas used as liquid crystallme preparations made from the sap of infected 
tobacco plants by the method described by Bawden & Pine (1943) Purified 
preparations of tomato bushy stunt virus and potato ’nrus X were also used 
and these were obtamed from infected tomato plants by precipitation methods 
(Bawden, 1943) Cucumber mosaic virus and the Rothamsted culture of 
tobacco necrosis virus were used m the form of sap from infected tobacco 
plants clarified by centnfugation at 8000 r p m 

To assay the inhibitory eflfect of tested fluids, they were mixed vith equal 
volumes of solutions of purified tobacco mosaic virus, and the mfectivity of the 
mixtures was estimated by the local lesion method using Nicoiiana ghiUnosa as 
a test plant Each mixture nas inoculated to at least tv'elve half-leaves, and 
the half-leaves allotted to each treatment were distributed among several 
plants so as to form a randomized block Inoculations were made by rubbing 
the leaf surface with the forefinger wet mth inoculum, and after inoculation 
the l^ves were rinsed with water Infection tests with tomato bushy stunt 
\nrus were also made by the local lesion method m N gluhnosa, vith potato 
virus X m N tahacum and with tobacco necrosis virus in bean (Phaseolus 
vulgaris, lar Pnnee) With cucumber nrus tobacco vas used ns a test plant 
and inhibition shown by failure to cause systemic sjTnptoms Each mixture 
was inoculated to at least ten tobacco plants 

The inhibitor}’- power of any one material on the same virus preparation can 
vary nhen tested on different sets of test plants, so that any critical com- 
parison between t\\o uihibiting materials has to be made in the same 
expenment 

Proteoh-tic and ribonuclease activit}-^ vere tested by methods previously 
described (Ivleczkovski, 1944, 194G), and phosphatase (nucleotidase) actnit} 
by a method based on estimation of inorganic phosphate released from a 
solution of nucleic acid prc\ lously dcpolj merized by incubation at pH 9 
Nitrogen i%as determined b}’ the micro-Kjcldalil method and carboludratc 
and phosphorus colorimctricall} , the carbohjdratc bj the orcmoJ-sulphuric 
acid method using glucose as the standard of comparison, and the phosphorus 
b\ a method based on reduction of phosphonioljbdic acid b\ stannous clilondc 
in the presence of sulphuric acid (Klcczkovski, 194G) When the total phos- 
phorus content of different materials vas estimated, the\ verc first incinerated 
with-sulphuric acid and cleared In adding a fev drops of pcrhjdrol 


Properties of the inhibitor in clarified sap 

Table 1 sfiovs the results of t«o experiments in vhicli the inliibiting effect 
on 0 02 Oq tobacco mosaic \ irus (T V ) of sap from Phytolacca esciilenfa {P E ) 
was compared with that of ses cral other jilants The inhibitor} pover of P E 
sap ^\as much greater than that of sap from ain of the other plants tested, and 
that of tobacco and tomato sap vas negligible 

Sap from PE vas also m cffectne inhibitor of tomato bushj stunt \inis, 
potato \ inis A' tobacco necrosis -v irus and cucumber \ ims This vas nKo found 
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to be true with the punfled inhibitor, but no attempts were mode to compare 
in detail the relative susceptibility of the difTerent viruses However neither 
purified P E inhibitor nor ribonucleose affected the activity of a bacteriophage 
Tests with a bacteriophage (S2Pjj) of Jihtzobbim sp were kmdij made bj 
Dr J Kleczkowska. Bacteriophage activity was estimated by plaque counts 

Table 1 The effect of sap from dffereni plants on the ttfedivtly 
of tobacco mosaic virus 

Averige no of 


S®p from DflutlOQ of »ap Jefioni/kaf 

Experiment 1 

Phytolacca eteuJenta 1/10 0 

1/100 5 

1/1 000 83 

1/10 000 87 

Datura stramoniun 1/1 3 

1/flO 08 

Tobacco 1/1 29 

1/00 02 

Tomato 1/1 94 

1/00 84 

Water control 80 

Experiment 2 

Phytolacca esculenta 1/00 0 

1/000 4 

Spinach 1/1 0 

^ 1/60 10 

Sagor beet 1/1 1 

1/60 10 

Woter oontrol 70 


obtamed by the pwured plate method (Klcczkowska, 1945) A crude bacterio- 
phage culture was diluted 10~* m the sterile hquid medium containing the 
isolated P*E inhibitor or nbonudeaso at various concentrations between 0-05 
and 0 001 % The fluid was then mixed with 24 hr bquid cultures of the host 
bacteria, and the mixture was added to melted agar cooled to 42 and plated. 
Equal numbers of plaques (about 400 per plate) were produced on the control 
plates and on those contaming P E inhibitor or crystallized nbonuclease 

Table 2 The recovery of xnfeciixnty by diluUng a mixture of tobacco 
mosaic uiruff and sap q/* Phytolacca esculenta 

Average no. of ktkma/Ieef obtained 
with mixturei dihited in irnter to 

Ulxtare l/l 1/10 1/100 1/1000 

1 voL 0-005% T.MV -{-I vol *ap, dO 1/10 0 8 0 4 

lvol,CK>05%TJ4.V+lvoLH,0 110 W 20 4 

The inhibition of plant viruses occurred immediately the sap of PM and 
VITUS solutions were mixed and there was no further fall m infectmty when the 
mixtures were meubated at room temperature or ot 87* DDuting non infective 
mixtures in water lettor e d mfectivity of the Mrus (Table 2) 



146 


B Kassanis and A Kleczkowshi 

The sap not only inhibited infectivity when it was mixed with a virus 
solution and the mixture was inoculated to test plants, but also when it was 
first rubbed over the leaves, which were then rinsed with water, dried with 
blotting paper and the virus solution moculated immediately after The 
reduction in infectivity produced by the two methods with a purified pre- 
paration of the inhibitor is shown m Table 8 At first sight the results suggest 
that moculation with the inhibitor first is as effective as moculation of a mixture 
of the virus and inhibitor However, it will be seen that a previous rubbing of 
the leaves with water alone considerably reduces the number of lesions pro- 
duced, and this needs to be taken mto consideration when comparmg the 
results of tests in which leaves were rubbed once or twice 


Table 3 The effect of rnoculotwg the i7ih7b7ior and tobacco mosaic 


vims separately and together 

Average no of 

First inoculation 

Second inoculation 

lesions/leaf 

1 v'ol 0 0002 % inhibitor 
+ 1 vol 0 015% TMV 

None 

4 

0 0001 % inhibitor 

0 0075% TMV 

3 

0 0075% TMV 

0 0001 % inhibitor 

10 

Water 

0 0075% TMV 

17 

0 0075% TMV 

AVater 

34 

0 0075% TMV 

None 

47 


The inhibitor}' power of the sap was imaffected by heating for 10 mm at 70®, 
but was diminished by 10 mm at 80° and completely destroyed by 10 mm at 
100° Dr}Tng the sap m a desiccator at 87° and suspending the dry residue m 
the original ^ olume of water did not affect the inhibitor, nor did freezing and 
thawing, changes of pH betv een 2 5 and 8 0, or dialysmg the sap in a ccllophnn 
bag against distilled water, or centrifugation for 1 hr at 40,000 r p m Filtra- 
tion tlirough a porcelain filter did not affect its mliibiting pover, but 
subsequent filtration tluough an Lj or Lg filter considerably diminished it 
Sap expressed from minced leaa cs oi P E is viscous and rather frothy 
After keepmg for 24 hr at room temperatiuc and ecntnfugmg for f hr at 
3000 r p m , the clanfied sap contams about 7 % of dr}' matter Much inactive 
material can be coagulated and removed b} heating the sap to 00-70°, freezing 
and thaving, or precipitation vith half a % olume of 00% ethanol 

The inhibitor is precipitated quantitati\el} b} adding tvo \olumes of 
ethanol to one % olume of the sap and can be rcdissohcd completely m a 2% 
XaCl solution The precipitate produced b\ ethanol, however, must be taken 
up in 2^0 XaCl within 1 lu , for if the time is prolonged the inhibiting power 
of the resulting solution is progressiv el\ diminished If water is used instead 
of 2% XaCl, onh part of the inhibitor is recovered 

The inhibitor begins to be precipitablc bv ammonium sulphate when the 
concentration reaches half-saturation, and progressive!} more is precipitated 
as the concentration of the salt increases PrecipiLition is almost complete 
wli'Ui one volume of the sap is mixcfl viith tv^ent} volume-s of satiinited am- 
monium sulpliate solution Th'* precipitate-d inhibitordissolvcs readil} in viat^ r 
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Isolation of the inhibitor based on fractional p recipitation Tnth ethanol and 
ammoninm sulphate, combined with dialysis against distilled water and 
adjusting the pH to vanous values gave concentrated preparations, but usually 
a number of firactions all with some inhibitory power were obtamedL The 
fractions differed from each other m vanous respects and were not homogeneous, 
as they could usually be fractionated still further They contamcd 20-60 % of 
carbohydrate and had no detectable proteolytic or nbonuclease activity but 
they were invariably nch m a phosphatase (nucleotidase) having a maxunal 
activity between pH 5 and 6 

In preparatioiis concentrated by precipitation, phosphatase and inhibitor 
were so closely associated that it seemed probable that the enzyme was the 
inhibitor Eventually, however it was foimd that the inhibitor but not the 
phosphatase was readily adsorbed from salt free solubons by a number of 
adsorbents Of the vanous adsorbents tested charcoal and cehte (diatomaceous 
silica Filter Aid Johns-Manville) were found to be the most effecbve. It was 
not possible to ehite the inhibitor from the two adsorbents with distilled water 
but from cebte it could be eluted with 10% NaCl solubon, though not from 
charcoal 


Th£ method of tsolahon of the iJihxlntor 
Of many methods of isolabon tested the following was finally adopted as the 
most reliable in producing apparently homogeneous preparations Five bimdred 
ml of 96 % ethanol are added to 1 1 of sap, and the resulting bulky preapitate 
IS removed by centnfugabon To the clear brown supernatant hquid 1600 ml 
of ethanol are added, and the precipitate, which contains the inhibitor is 
centrifuged down* The precipitate is suspended m 260 ml of 2 % NaCl, and 
the undissolved material is removed by centnfugabon* The clear greyish 
supernatant hquid is dialj'sed in a cellophan bag for 2 days against distilled 
water The hquid which is usually slightly acid, is then neutralized and some 
insoluble matenal produced during dialysis is removed by centrifugation* This 
involves some loss of the inhibitor usually less than 26 % probably because 
it 18 adsorbed on the insoluble matenal* Adjusting the pH to 7 decreases the 
amount lost. Separahon of insoluble material and consequently loss of 
inhibitor reaches its maximum when the pH is around 4*6 

At this stage the hquid contains about 0 6 % of dry matter of which 60 % 
is carbohydrate and 8 % nitrogen The liqiud gives a strongly positive biuret 
test and has strong phosphatase achvity Cehte Is next added to the liquid 
2 g to each 100 ml* The mixture is kept for 1 hr at room temperature with 
occasional shaking and the cehte removed by filtrabon through a filter paper 
on a Buchner funnel In this way almost all the inhibitor is removed frnm the 
hquid although the sohd content of the liquid is reduced by less than 10 % 
and its phosphatase ocbvity remains almost unchanged* The cehte is washed 
in the funnel with 200 ml of distilled water and suspended m 80 ml* of 10 % 
NaCl solubon* The suspension Is kept for 4 hr at room temperature with 
occasional sti rr i ng, and the c<ilte is agam filtered off The water-clear filtrate 
18 dialysed in a c^ophan bag for 24 hr against frequently changed distilled 
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■water A slight turbiditj^ sometimes appears during dialysis, and is removed 
by filtration About 20 % more inhibitor can be obtained from the cchte by 
repeating the elution 

The yield of purified material from 1 1 of sap varied from 20 to GO mg 
Inhibition by a 0 0002 % solution of the purified preparation was approxi- 
mately the same as that of sap diluted IflOO Thus, assuming that the in- 
hibitory pov’^er of the material is imaficcted during purification, its initial 
content m crude sap is about 200 mg /I and CO-90 % is lost during purification 
However, as exposure to ethanol has a deleterious effect on the inhibitor, it 
may be that the recovery is greater than this but that the purified product is, 
■weight for weight, less active than the inhibitor in crude sap 
When the purification procedure was carried out on tobacco sap, ■which docs 
not inhibit infectivity of TMV to any appreciable extent (sec Tabic 1), 
nothmg was recovered in the elute from the cclite, show'ing that the method 
IS selective 


Properties of the purified inhibitor 

The mtrogen content of purified products varied from 14 to 15 % and the 
carbohydrate content from 8 to 12% No phosphorus was detected in any 
preparation The material gives a positnc biuret test, is precipitated by 95% 
saturated ammonium sulphate solution and by 5 % tncliloroacctic acid When 
salt-free solutions are boiled, tliey become slightly opalescent, while m the 
presence of 1 % NaCI a coagulum separates These properties all indicate that 
the material is a protem Since most of the carbohydrate is not scjiaratcd from 
the protem by precipitation w ith ammonium sulphate or trichloroacetic acid, 
it appears that the two arc combined os a glycoprotein, and the inhibitor will 
be referred to as such 


Table 4 Relative inhibitory poicers of ribonucleasc and the glycoprotein 


Ribonuclcase 


Gb coprotcin 
t\atcr control 


Concentration A\cmgc no of 
(%) tcsiomjlcat 


0 05 1 

0 001 4 

0 0002 15 

0 0002 10 


00 


The fluids were ntiscd with equal solumcs of 0 015% T M V 


No critical tests for homogcncitj were made, and it maj be that the purified 
prep iration contains more than ont protem However, there is a good deal of 
e\ idcncc connecting the inhibitor w ith the gh coprotem that forms at anj rate 
the major constituent of the preparation Of tlic various inhibiting siibslam ts 
prcwouslv tested, riboiiuckasc is In far the most dhcjcnt (Ixiniig, Vii2) 
Tabic 4 siiows the results of an cxptnmcnl comparing the inhibitory power of 
the purified glycoprotein from Ph and th it of cr\ stalhret} rthoniuUiisi 
prepared by Kunitz’s (1910) method It will he seen (h it, weight for weight, 
the two Imvc similar inhibitory powers, so tint if the inhibition produeed iiy 
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the preparation from P E is brought about by a mmor component, then this 
must possess a much higher order of acti\nty than nbonuclease. Again* 
processes that denature the glycoprotein — heating trichloroacetic acid or 
exposure to ethanol — also cause a proportional loss of inhibitor) jKivrer The 
gl) coprotein is not hydrolysed by pepsm or trypsm unless it has been pre 
viously denatured, and the mhibitmg power similarly is not dimmished by 
these enzymes Drying neither denatures the glycoprotem nor affects its 
inhibiting power 

Denaturntion of the glycoprotem by etlianol is slow and may be demon 
strated by the loss of solubility in water The addition of two volumes of 90 % 
ethanol to one \ olume of salt free solutions of the glycoprotem produces an 
opalescence, but flocculation occurs only m the presence of salt After precipi 
tation with ethanol a proportion of the glycoprotem usually becomes insoluble 
m water the proportion mcreasing with increasing time of contact with ethanol 
60 that after a few days all the glycoprotem becomes insoluble The stabihty 
of suspensions of ethanol-denatured glycoprotem depends on the pH and this 
property was used to find its isoelectric point. 

When suspensions contammg 0 05 % of the glycoprotem were adjusted to 
different pH \alue8 (measured with a glass electrode) with HQ or NaOH it 
was found that they flocculated m a few mmutes at pH values between 6 7 
and 7 8 but they remamed stable for several hours at pH values outside this 
range From this it was concluded that the isoelectric point of denatured glyw- 
protem is near pH 7 It is known that dcnaturatiOn can alter isoelectric pomts 
of some proteins but the alteration is usually slight and does not exceed 0 6 
of the pH unit (Neurath Greenstem Putnam A Enckson, 1944) Thus the 
jsodectTJC powt of the imdcaatured ^ycoprotew which is soluble o>er a wide 
pH range is probably also about pH 7 a feature which it shares with other 
proteins, such as nbonuclease and trypsm which inhibit mfectivity of 
TjyiV 

The isoelectnc point of salt free solutions of T V is at pH 4 2 (Bawden & 
Pine, 1987) BO that between pH 4 2 and pH 7 the glycoprotem and the virus 
are oppositely charged Some other pairs of protems that arc oppositely 
charged precipitate one another when mixed (Kleczkowsld 1946) and this also 
occurs with the glycoprotem and T M.V When the two arc mixed m salt free 
solutions at pH ^ alues between their isoelectnc pomts they combme, mutually 
discharge one another and produce a visible precipitate 

No attempts have been made to determme the minimum concentratioTu at 
which T3I V and the glycoprotem must be mixed to give a visible precipitate 
but precipitation is pronounced with 0*01 % eolutions of the two Precipitation 
only occurs when the ratio of the weight of virus to that of glycoprotem is 
between 1 landl 2 Outside this range, the fluids merely become opalescent 
and develop a satm like sheen, the intensity of which decreases the further the 
ratio of the two components departs from that causing precipitation. The 
addition of NaQ up to 1 % or changing the pH to below 8 or abo\ e 7 causes 
immediate solution of precipitate or disappearance of opalescence Under the 
microscope the precipitates are seen to consist of long, curvilmear birefrmgcnt 



150 


B Kassam^andA Kleczkowshi 

threads, similar to those formed m mixtures of TMV 'oith ribomiclease, 
clupem or serum globulm (Bawden & Pirie, 1937, Loring, 1942, ICleczko^\ski! 
1946) Precipitation also occurs m mixtures of salt-free solutions of glyco- 
protem and tomato bushy stunt ’ittus at pH values between 5 and 6 5 Usmg 
the gtycoprotem at 0 005 %, precipitation was optimal when the concentration 
of tomato bushy stunt virus was 0 01 % Microscopically the precipitate 
appeared to be granular, but no definite crystals could be identified 

Mixtures of equal volumes of 0 05% glj’-coprotem and 0 05% clupem 
sulphate became slightly opalescent at pH 9 but not at pH 6 The isoelectric 
pomt of clupem is at pH 12 (Miyake, 1927), so that pH 9 is m the mtcr- 
isoelectric zone, whereas pH 6 is not 

No opalescence or flocculation was obsen^ed when sap from P E , clarified 
by heatmg at 70° and centrifugation, nas mixed with equal volumes of solu- 
tions ofT MV at different concentrations Tests v'ere also made usmg diah sed 
sap to avoid the possibilitj’^ that precipitation was being pre^"ented b^" inorganic 
salts, but agam there vas no precipitation The negative result camiot be 
explamed by assuming that the concentration of the glycoprotein m the saji is 
too low to cause precipitation, as it is higher than 0 005%, at vhieli the 
isolated glycoprotem precipitates the virus* Dialysed sap contains 5-7% of 
dr)' matter and only 0 01-0 02 % of the glycoprotem, so that some of the non- 
dialysable constituents of sap seem to act as stabilizers and prevent the Aunis 
from bemg precipitated 

Ba means of ultracentrifugation it was possible to show that T M V and the 
glycoprotein combine when they are mixed at ratios nhich cause no opalescence 
or precipitate These tests also produced further CAidcncc identifying the 
gl\ coprotem v itli the inhibiting cntify When 0 1 % solutions of the glj co- 
protem v ere centrifuged for 1 lir at 40,000 r p m , the glycoprotem v ns not 
sedimented nor vas the inhibiting pover of the fluid reduced When similar 
solutions containing 8 mg /ml of T M V were centrifuged, bon ever, almost all 
the glj coprotem and the inhibitor nerc remoAcd from the supernatant fluid 
Some of the gl^ coprotem v ith its inhibiting pov cr could be recoi cred from the 
Aims b} dissohing the pellet m water, and precipitating the virus vilh one- 
third saturated ammonium sulphate solution After removing the Aims be 
centrifugation at lov speed, the gl} coprotem was present m the supcrnalanl 
fluid AAith its original inhibiting poucr 

B\ analog} with toxin-antitoxin reactions, it seemed possible that macti\n- 
tioii of tlic A irus b\ the glycoprotem niiglit be based on combination bclMccn 
equualent quantities of the too To test this possibiht}, attempts A\tre made 
to find the highest concentrations of T M V solutions aaIiosc mfcctnit} could 
l>c complete!} inhibited bA solutions of tlic gh coprotem at different cnnctntrn- 
tions Table 5 gn cs the results of an experiment m uhich the ntutrab/mg 
pover of four different concentrations of gl} coprotem nas tested agunsl 
different Concentratioas of the a irus Inaclnation uas considered as coniplcU 
in mixtures that produced an aAcrage of less than one lesion per inotulatcd 
Ixnlf-Ieaf, and the results are giAcn as the highest conccntnitions of tin Aims 
inhibited to this degree b} the glACoprotein at four different concentrations 
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It can be seen that as the concentrations of the virus increased, the ratio of 
glycoprotein to virus needed to give complete inactivation decreased Within 
the range tested the vims concentration was proportional to the third power 
of that of the glycoprotem This result differs stniangly from that obtamed 


Table 5 The raiio of tnkibiior to virus required to give complete 
xnhxbiUon at different mrus conceniraiwns 


ConcentntloQ of the 
Inhibitor (mg /mL) 
m 

CancentnktlOD of 
TJUV (mg/mL) 

V 


0-024 

0-73 

0-03 

OK)12 

0-00 

0-lS 

CK>00 

0-01 

0-00 

0-003 

O-OOIS 

2-00 


^nie reUtkmshlp betweca y and x can be expieoed by the equation ymSlSOOx* 


with toxins and antitoxins and shows that the higher the virus concentra 
tion, the smaller was the amount of the glycoprotem that was needed to 
neutralize each umt weight of the virus There are clearly no fixed eqmvalent 
quantities of the virus and glycoprotem which oomhme before the virus is 
rendered non infective. 


DISCUSSION 

From our results it is clear that sap from Phytolacca esculenia contains a 
protem that is not present m the sap from tobacco plants The evidence 
suggests that it is a glycoprotein and that it is the substance in sap of P escu 
lenta responsible for the inhibition of mfectivity of plant viruses Weight for 
weight it IS as active as an mhibitor as nbonuclease, and its identification adds 
a new type of substance to those known to inhibit plant vmises How these 
vaned substances produce their effect is uncertain, but superficially at least 
they appear to act similariy 

Since the inhibitory effect of trypsm was discovered (Caldwell 1988) there 
has been much speculation on the mechanism of its action, some workers 
mamtaimng that it acts on the virus and others that it acts on the host plant. 
The fact that an inhibitory material used at constant concentration caused the 
same relative reduction of mfectivity urespective of virus concentration, was 
often considered as evidence that the inhibiting material affected suscepti 
bihty of the host plant (Chester 1984 Stanley 1084 Caldwell, 1988) 

The results with the glycoprotein, m addition to those with some other of 
the inhibiting substances (Kleczkowski 1044 1946) show that the inhibitors 
do combine with tobacco mosaic virus so that the simplest explanation of the 
phenomenon would be that m combmmg with the vims the inhibitors block 
some groups on it that are essential for the establishment of infection. How 
ever there are various other facts that do not fit m with this view of a simple 
quantitative neutralization of the vims First, of the substances that can 
combme with atiH precipitate T RLV , not all are equally active aa inhibitors 
n.T>H some, such as dupem and globm, have only little ncutralizmg power 
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Hence mere combination of a protein with the iirus is not enough to explain 
inhibition unless different substances combme with and block different groups 
Secondly, if mliibition n ere dependent on, and a consequence of, combination 
with the virus, it is to be expected that for complete neutralization of mfectu ity 
a given n eight of nrus would need to combine with a certam mminium quantity 
of inhibitor, but there is no evidence for such a neutralizing ratio On the 
contrary, there is good evidence that no such ratio exists This is partlj 
implied by the development of mfectivity when non-mfective mixtures of 
virus and inhibitor are greatly diluted, for dilution leaves the ratio of the tvo 
unchanged Hovever, this is not conclusive, for if the combmation is rever- 
sible, dilution could disrupt the combmation and leave free virus particles 
More positive evidence for the lack of a neutralizing ratio is suiiphed by the 
fact that the higher the iirus concentration, the smaller is the ratio of 
combmed mliibitor to -virus that coincides -mth complete neutralization 
Hence, there is no reason to assume that the combination betneen the tvo is 
at all essential for iniiibition to occur This suggests an effect on the host 
rather than on the virus, a suggestion supported by the fact that the number 
of lesions produced is reduced if the lea-ves arc inoculated first with the 
inhibitor alone In our present state of know ledge of tlie processes involved m 
the establishing of infection, any attempt to distinguish between effects on the 
virus and on the host is probably premature All that can be said w ith certainty 
IS that the virus and inliibitors can combine, and that the presence of the 
inhibitors prevents infection It is also possible that the inliibitors can combine 
w ith some constituents of the host cells, but this has not been demonstrated 
JIanj examples are known of substances that arc structurally similar hemg 
biologicallv antagonistic The inhibitors could be further examples of such 
biological antagonism, acting cither because they resemble some cell consti- 
tuents with which the viruses must combme to establish infection or because 
they themselves combine with these constituents and so prevent the virus 
from doing so Although this is a possibility that needs further study, the 
w ide range of substances that can act as inhibitors ranging from carbohydrates, 
through %anous enzymes, to the glj coprotcins, does not suggest that anj great 
structural specificitv’ is imohcd A lack of spccificitj is also apparent m that 
substances such as the gljcoprotcin from P escuicnta and ribomicleasc are 
cffcctne inhibitors of all the plant \nruscs against which they have been 
tested Howe^e^, neither substance affected the actiiitj of a bactcnopliagc, 
sugcesting that the inliibitors ma\ act speeiricalK against some phase of the 
infection process essential for the establishment of mechanically transmitted 
plant % iruscs but absent from the process of infection of bacteria bj bacterio- 
phage 
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The Bacteriophages of Pseudomonas pyocyanea 
1. The Effect of Various Substances upon their Development 
By LOIS DICKINSON 

The Research Department, Bacteriology Division, Boots Pure Drug 
Co Ltd , Nottingham 

SUMMARY Bactenopbages were isolated from several strains of Pseudomonas 
pyocyanea and were assayed against an indicator strain Counts of up to lO'^/ml 
were obtained in both broth and a defined medium Tlie phages are stable at 00° 
but rapidly inactivated at 05° They are unaffected by 50% gljcerol and are stable 
at pH 6 5-10 0 but not below 0 5 

About 500 compounds have been tested for their inlnbitorj' action on the dc\ elop- 
ment of these bacteriophages All tlie sulphonamides, araidines, pjTimidincs, orgnno- 
metalhc compounds, plant extracts, mould cultures and antibiotics tested nerc 
mactive at concentrations permitting the growth of the host Prona\unc exerted 
a Auristatic effect -nhile notatm and hjdrogen peroxide vere lethal m a defined 
medium but not in broth 

As part of an imestigation into the chemotlierapy of mrus diseases, the 
bacteriophages of Fs pyocyanea and, m particular, tlie elTccts of various 
substances on the bacteriolytic action of tiiese phages ]la^c been studied 
Vhilst it IS recognized that information obtained in sucli nork ina} not be 
applicable to %nrus infections of ammals, the direct investigation of the 
chemothcrap\ of these infections on a large scale presents such difficulties that 
prehminarj investigations were made uith bacteriophage as a test \inis 
Bacteriophages have also been used m this manner by Jones (1915), Klein, 
Kaltcr A Mudd (1945), Fitzgerald & Babbit (1940) and Fitzgerald A Lee 
(1946) It vas felt that the use of a rclatncly resistant type of host, not 
nutritional!} exacting, such as Ps pyocyanea would offer decided adxantagcs 
This organism grons rapidly in sjuthctic media and active phage prcparitions 
can be obtained from such cultures It is, therefore, a cons enicnt host to use 
for more fundamental nork on bacteriophage metabolism 

The htic phenomena associated nith Ps pyocyanea were dcscrilicd b\ 
Hadlc\ (1924) Fastier (1945) isolated one specific bacteriophage, and Bordet 
L Bordet (1940) studied the close relationship of the htic agent to bactcrwl 
A ariation 


EXPERniENTAL 

Strains Ten strains of Ps pyocyanea ncre inscstigatcd Six (nos Cl-CC) 
VC re originall} isolated b\ Dr F II Sclbic of the Bland Sutton Institute of 
Pathologx from v ir wounds, and four (nos C7-CI0) vtre isolated in our ouii 
} ihomtoT} Strains Cl, C2, C3, C5 and CS vcrc charaetenzed initmlh b} 
marked pxocsanin production and a sihcrx sheen on the surface of confluent 
grovth, txpicd of pluige ectnitx on this organism These strains arc referred 
to bclov as ‘hiogcnic*, iniphing onK that thes can be subculturcd vilhout 
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loss of visible phage activity presumably sensitive f'phs serving to raamtaln 
the phage are present. True lysogcnesis^ as defined by DelbrQck (1946) does 
not entail lysis of the host. By rapidly repeated subculture m brotht however, 
phage-resistant strains were obtamed The lysogenic strains grflduaUy lost their 
capacity to produce pvocyanin, unless it was mamtamed bv passage through 
mice. At no tune in two years study did strains C4 C6 and CIO produce 
pyocyanm or show any evidence of phage action. This does not necessarily 
indicate that phage was not earned by these strains but rather that we found 
no bactena susceptible to them All ten strains produced fluoresem and re- 
coined this papaQity throughout the mvestigntioa. Culture C9 was not studied 
in detail, its phage appeared to develop only after storage and even then its 
appearance was erratic, 

Matnienanct of tiraxnt Cultures were grown at 87* on nutnent agar, m 
nutnent broth, or m a defined medium composed of lactic acid 2 4 g , NaCl 
6 0 g {NH 4 ),HP 0 ^ 1 g KHjPO* 1 g MgS 04 7HjO 0*2 g and distilled water 
to 1 1 the pH bemg adjusted to 7 0 with NaOH and the medium sterilized for 
15 mm m the autoclave at 15 lb steam pressure. Stock cultures were sub- 
cultured at monthlj intervals on agar and some were stored m the freeze dried 
fftate It was foimd advantageous to pass the lysogenic strums through mice 
occasionally but passage through the yolk sac of 9'day chick embryos was 
a more satisfactory means of mamtauung these strains and their associated 
phages, without the risk of contammation 

Croit'Ttaetxons of cxxUurt fUraies In order to test the possibilities of cross 
infection by the phages of different strains bacteria free filtrates from 24 hr 
broth cultures of each stram were spotted on agar plate cultures of all other 
strains not showing visible evidence of phage action (C4 C6 CIO and resistant 
variants of Cl C8 C6 and C8) The filtrates were designated by the number 
of the host preceded by the letter F and mdividual phages isolated from the 
filtrate, by Pa, Pb Fl the flltrote from Cl showed pronounced activity 
against CIO and C7 whilst F8 from C 8 was moderately active against CIO 
No other cross reactions were observed so that quantitative work was limited 
to the action of these filtrates on CIO 

When Fl was grown on CIO a high titre filtrate was obtained thisgavense 
to two distmct types of plaque (PI 1) a large one with a halo (Pa type) and 
a smaller clear one (Pb type) Four consecutive single plaque isolations were 
made from each of these two types When g ro w n on C 10 m broth Pa xmd Pb 
filtrates gave plaque counts up to 10'*/ral but complete lysis of CIO never 
occurred Pb filtrates gave only Pb type plaques but Pa filtrates did not 
mvariably give plaques of one type, although the Pa ty^ie alwaj^ greatly 
predominated These phages were maintained as Seitz filtrates It Was not 
possible to produce a lysogemc strain of CIO by implanting Fl in it either 
tn vxtTO or in woo (mouse passage) This was however accomplished with Fl on 
C7 yielding the lysogemc strain C7X, 

TttraUon of phages Pa and Pb againsi strain CIO The method of titration 
finally adopted was to mix 1 mb of a senes of a hundred fold dilutions of the 
phage filtrate, or lysed culture, in Ringer s solution with 0*5 ml 24 hr broth 
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cultwe of C 10, and add 2 0 ml warm nutrient agar After shakmg, the tube 
■was ‘sloped’ and examined after 18-24 hr incubation at 37° This method was 
much more rapid and convement than the plate assay used bj'^ many workers 
In 'titrations of Fl gro'wn on CIO, small numbers of ClO m the material did not 
matter, smce excess of CIO iias added m the course of the assay Of the 
lysogenic strains, only Cl, C3 and C7X possessed phages that could be 
titrated against ClO 

Preparation of f Urates _ Bactena-free Seitz filtrates of 24—72 hr broth 
cultures gave counts of up to 10^°/ml for Pa and Pb phages Seitz filtrates of 
cultures m defined media were, however, inactive When Gradacol mem- 
branes of 500 m/t porosity were used, the loss was still considerable, but counts 
of 10®/inl were obtamed In the case of Pa, membranes of pore size 100 mg 
allowed some phage to pass, but coimts were dim inished from 10®/ml to less 
than 100/ml 


Properties of Pa bacteriophage 

Heat stability Tj^ie Pa filtrate (6 x 10®/ml ) m nutrient broth, m Bmger’s 
solution and m lactate medium was stable between 50 and 60°, counts being 
only shghtlj’’ dimimshed after 80 mm It was, however, inactivated withm 
10 mm at 65° This heat stabihty was characteristic of all strams which could 
be assayed and was the basis of a convement method of obtammg acbve phage 
from lysogemc strains, smce the host cells were much less resistant, tempera- 
tures of 60° for 80 mm usually killed the host, provided the cell population 
was not ver}^ large 

Effect of glycerol Gl}’’eeroI was useful as a means of obtammg phage pre- 
parations from lysogenic strains, especiallj’- m lactate medium, because m 
a concentration of 50 % it killed the host cells of 24 lir cultures of C7X and 
Cl withm 7-10 days at 87° leaving the phage unaffected At 0° the host cells 
were not killed withm a month 

Effect of pH Tj'pe Pa filtrate was kept for 24 hr at 37° m phosphate and 
citric acid buffers (pH 2 2-S 0), and m bone acid KCl-NaOH buffers (pH 8 0- 
10 0) At pH 2 2-4 0 there was complete inactivation withm 3 hr and the 
count was verj’’ much dimmished at pH 5 0 and 6 0 At pH 7 0—10 0 (m steps 
of 0 5 pH umt) there was a slight imtial fall m everj’^ case, followed by a 
remarkable stabihtj' for at least 24 hr The mitial fall was quite common and 
occurred m all media, but after this the preparations could be kept for weeks 
at room temperature without any significant loss of activity, provided the pH 
was not below 6 5 Preparations of Pa phage in broth, lactate medium, and 
Rmger’s solution at pH values about 7 0-7 5 were kept for several months at 
room temperature and mamtamed then titres 


Testing of drugs 

In a prehmmarj' test, the action of the drug was studied direct!}" on agar 
plates and any substances foimd proimsing were tested by two quantitative 
methods 



Substances affecting phage productxon 167 

Agar-plate tetU earned out tn Uie pretence of multiplying host cells 1 ml 
amounts of a ten fold senes of dnig dilutions were mixed with 9 ml nutrient 
agar and plates poured (On synthetic lactio agar the phage action was veiy 
difficult to-assess ) The plate was marked mto four dinsions Three different 
lysogenic strains showing pronounced and visible phage ncti\uty were sown 
each on one-quarter of the plate The fourth quarter of the plate was sown with 
CIO and a loopful of two active filtrates Pa and Pb were spotted’ on it. After 
24 hr at 87* the lysogenic cultures were exammed for silvery sheen and the 
CIO for lysis The results were classified as follows 

Class A Active phage mhibited by less than 1/100 the drug concentration 
required to mactivate the host organism 

Class B Shghily active phage inhibited by 1/10-1/100, the drug concentre 
tion required to inacti\ate the boat organism 

Clast C Inactive no inhibition of phage at the highest concentration of the 
drug permitting growth of the host. 

Titration of phage inhibitors tn actively gnraung cultures Filtrate Fl on 
Culture 10 A 24 hr culture of CIO was diluted 1/10 m broth or lactate and 
1 ml Fl filtrate, containing 1000-10 000 phage particles/ml was added to 
9 ml culture. After fltanding for 10 mm at room temperature a suitable senes 
of concentrations of the test substance in 100 ml bottles of the test medium 
were each sown with 1 ml of the phage-host suspension the maximum concen 
tration pemuttmg good growth of the host being determmed beforehand. The 
test mixture was meubated at 87* The phage content was determmed at 
intervals up to 24 hr by removmg 1 ml samples which were assayed unfUtered 
This gave a figure for free phage phis phage in or on living host cells in the test 
bottles Bactenal counts were made at the same time, and vanation in phage 
counts were considared sigmfleant only if the host count were not itself 
influenced by the drug 

Lysogenic strains 1 ml of a 24 hr culture of Cl or C7X was added to 
100 ml test medium and plaque counts of the filtered material assayed at 
intervals against CIO This count therefore, determmed only free phage 
passing the filter Defined lactate media were filtered through Gradacol 
membranes of 500 m^ porosity 

Ail tests were duplicated at different braes and controls without drug were 
Included in every experiment. After 24 hr counts on the unfiltcred material for 
both media were always between 10^ and 10'®/ral but values for the lysogenic 
culture controls were of the order of 10*/ral for filtered matenaL In the broth 
btrabon the substances tested must affect the multiplying phage m the 
presence of its Uving host, but the actual assay was earned out at diluhons at 
which the drug could have no effect on the phage. 

Titration of phage tnhtbiiors Contact test corned out tn the absence of host cells 
Compounds found to inhibit phage in growing cultures were tested by adding 
a senes of dilutions of the drug to phage filtrates at 37* In different media, and 
for varying penods. Subsequent counts indicated whether the drug were 
lethal 
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RESULTS 


lnhxbiho7x of phage mulUphcatioxi 

jigor plate test About 500 substances were tested on agar plates agamst 
h'sogenic strams, the great majority were inactive in the dilutions used 
Tbe substances tested can be roughly classified as follows sulphon- ' 
amides and related compounds, amidmes, pjTimidmes and other heterocychc 
compounds, organo-metaUic compounds, antibiotics, plant extracts, mould 
cultures, and a miscellaneous group of substances thought for one reason or 
another to be worth while mvestigatmg 


Table 1 Action of various substances against bacteriophages of 
lysogenic strains qfPs pyoc3'anea in agar plate test 


Active 

Phenol 

Aganc acid 

Hexylresorcinol 

S-anunoacndine 

2 7-diaimnoacndine 

2-chIoro-5'amino-7-niethovyacndine 

Proflavine 


Inactive 

Fifty plant extracts 
Fifty mould cultures 
Penicillin (100 u /ml ) 
Notatin* 

Gramicidin 

Streptothncin 

Streptomycm 

Patulm 

Organo-metaUic compounds 
Phenanthndmes 
Sulphonamides 
* Homosulphonanudes ’ 
Formaldehyde 


* In presence of 0 5 % glucose. 


Several dj’^es, such as eosm and brilliant green, showed class A activity 
agamst b'^sogenic strams but results were difficult to read, and the dj’^es were 
not mvestigated further m tnew of other work of greater promise One mould 
appeared verj”^ active when the hvmg mould was grown on the plate, but a 
culture filtrate was entirelj' inactive This phenomenon has been noted by 
Jones & Schatz (1946) m the course of similar studies on staphylococcus and 
Bactenian coh phages The acridmes were the most active class of compound, 
o-ammo 2 7-diammo, 2-chloro-5-ammo-7-methox3'acridmes and proflavme 
were all active both agamst Ij-sogenic strams and m the spot tests Since ver)" 
active Pa and Pb filtrates were used, small degrees of inhibition were not 
detectable Thus, phenol and all the other compounds showing class A activity 
were mactive bj the spot test, but when Pa filtrate was tested m the presence 
in the assaj plate of, for example, 5-ammo-acridme, it was obvious that 
concentrations of 10-* and 10-® of the drug not onij' diminished the phage 
count, as compared vnth the control assaj', but rendered the plaques verj haz}"^ 
and veri' difficult to see. It was partty because of this difficulty in assessing 
results b\' the agar plate test that the quantitative tests were developed to 
show whether compounds vere inhibitmg phage reproduction The great 
majority of compounds could obxnoush be ruled out at once as inactn e b\ the 
agar plate test 
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The titrotion of drugs (Table 2) include some of the compounds classed as 
active m the agar plate test and of these, only proflavine was active. It is 
mterestmg to note that several acridmcs were found active against BacL coh 


Table 2 Action of various substances on baeienophage tn 
growing cultures 

Appraxlmate phage titre/ml. 


Sabstance 

Medium 

Strain 

AtOhr* 
(test and 
control) 

At 24 hr 

Test Control 

Phenol 

10 -* 

Broth 

Pi on CIO 

10* + 

io-» + 

10-" + 

10-* 

Laotttte 

CtX (tysogenlo) 

10-* 4- 

10-* + 

lO-" + 

10-^ 

Broth 

ClX (lyaogeiiio) 

10-* + 

10-" + 

10-* + + 

S^orotnoaorldlne 

10-* 

Broth 

Fl on CIO 

10 + 

io-» + + 

10-» + + 

10-* 

Lactate 

CtX (lyaogenlo) 

10-^ + 

10-" + 

10-" + 

10-* 

Broth 

Clh. (b’sogeiilo) 

10-* + 

10-* + 

10-*+ + 

Agaric ackl 

10^ 

Broth 

Pi on CIO 

10 + 

10-“ 

10-* + 

Hczylreacirclool 

10-* 

Broth 

Fl on CIO 

10 + 

io-» + 

10-* + 

PTOlla\'lne 

10-* 

Broth 

Fl on CIO 

10 -* + 

10-* -1- 

10-* + 


Leetate 

Fl on CIO 

10-* + 

io-» + 

io-< + 

5x10-* 

Broth 

CtX (lyaoBenlo) 

10“» + 

10-" + + 

10-* + 

6X10-^ 

Broth 

ClX (lyaogenlc) 

io-» + 

10-* + 

io-» + 

FatuUn 

lO-* 

Lactate 

Pi oo CIO 

10-«+ + 

10-* -I- + 

10-* + + 

Notatln 

io-» 

LocUte+0‘6% 

Pi on CIO 

No 

growth of host 

10-* 

glocose 

lActate + 0-5% 

Fl on CIO 

io-«+ + 

10 Nfl 

10-*+ + 

10-* 

ghiCOCQ 

Lactate 

Fl on CIO 

10‘»+ + 

10-*+ + 

10-^ + + 

Streptomycin 

1 u./mL 

Lactate 

Fl on CIO 

10" CO 

10-" CD 

10“* oo 

Hydrogen peroxide 

0-0002% y/v 

Lactate 

Fl on CIO 

10" + 

10 Nfl 

10-* + 

0-003% v/v 

Lactate 

Cl (lyaogenlo) 

10" + + 

10-* + 

10-" + 

tH)3%v/v 

Broth 

Fl on CIO 

10 -i- 

10-* + 

10-* + 

0-02% t/v 

Broth 

Cl (lyaogenlo) 

10 + + 

10-* + 

10-* + 


Key to pbquc coont* os—more tlxan 600 + + — 100-600 + ■■le»i than 100 
* Calculated from amount of phage added. 


phage by Fitzgerald Babbit (1940) and Fitzgerald «SL Lee (1040) Although 
proflavme prevented the mulbplication of Fl on culture CIO it hod httle, if 
anv effect, as judged by 24 hr phage counts on the Ij'sogenic cultures C7X 


OMtIS 


II 
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and Cl Notatin, although inactive m the agar plate test (see below) "was 
marked!}^ active against F 1 in 0 5 % glucose-lactate medium It is known to 
be a glucose aerodehydrogenase, evertmg its high in vitro antibacterial action 
by producmg hydrogen peroxide in the presence of glucose and ovs^gen 
(Coulthard, Jlichaehs, Short, S 3 *kes, Skrimshire, Standfast, Birkmshaw & 
Raistnck, 1945) Its mactivity in lactate medium without glucose suggested 
a similar mode of action agamst bactenophage and results with hydrogen 
peroxide are in accord with this viewpomt 

Contact test Contact tests were carried out with notatm and hydrogen 
peroxide m various media A 10“^ concentration of a dried notatm preparation 
m lactate medium contaming 0 5 % glucose, completely mactivated a Pa 
preparation with an initial content of 10®/ml , m 8 hr at 37° and a 10-® con- 
centration inactivated it in 24 hr Phage counts did not fall m lactate medium 
plus notatm, lactate medium plus 0 5 % glucose, broth plus notatm and 
glucose broth plus notatm Similarl}^ h 5 'drogen peroxide in a concentration of 
0 02 % (v/v) mactivated Pa in lactate medium within 8 hr , but even 2 % (v/v) 
had no effect m broth There is no explanation, at present, for tins lack of 
action m broth 

As with proflavme, neither notatm nor hj’drogen peroxide influenced the 
24 hr phage count of lysogemc strains This could be accoimted for to some 
extent by tlie mactivation of the hj'drogen peroxide bj’^ catalase, which was 
produced bj’- aU strams of Ps pyocyanea In the case of Fl actmg on culture 
ClO, the hj’^drogen peroxide would mactivate the free phage before the 
production of catalase by the host had commenced With Ij'sogenic strams, if 
the phage mitiall}'- within the host cell were unaffected by the hj’^drogen 
peroxide, when the latter had been mactivated by catalase, the bactenophage 
could reproduce normally For similar reasons, together with the fact that 
hj’^drogen peroxide has no action m broth, notatm would be inactive m the 
agar plate test even m the presence of glucose 

The author wishes to thank Dr W J Elford for his help and cnticism, Su Jack 
Drummond, F R S , and IMr C E Coulthard for theu mterest m this work, and 
Sir G Inkley, B Sc , and l\hss S Codd for techmcal assistance Sir Johnson kmdly 
provided the photograph 
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Some Factors Affecting the Growth and Spomlation of 
Chaetomium globosum and Memnomella echinata 

By H W BUSTON and S N BASU 
The Biochemical Laboratories, Department of Botany, Imperial 
College of Science and Technology, London 

SUMMARY The influence of certain carbohydrates, nitrogen compounds and 
accessory Substances on the growth and spondation of Chaetomium ^dbosum and 
Memnoniella echinata has been studied It has been confirmed that M echinata 
needs an external supply of biotm, which has also a shght effect on the groivth of 
Chaetomium globosum For C globosum, a very low level of soluble sugar m the medium 
was essential for the production of penthecia With adequate biotm, Memnomella 
echinata sporulated m the presence of considerable concentrations of sugar, but at 
low biotm levels no spomlation occurred until soluble sugar approached exhaustion 
Jute extract stimulated growth and accelerated spomlation of Chaetomium 
globosum , this was not due to the presence m the extract of any of nme well-known 
B-group vitamins Jute extract had no more influence on Memnomella echinata than 
would be due to its biotm content 

In the course of an extensive survey of the cellulose-decomposing capacity of 
certain nuldew-fungi, which commonly occur on textiles, it was noticed that 
spomlation m some cases was markedly influenced by the nature of the culture 
medium employed Some Chaetommm species, for instance, gave only sterile 
hyphal growth on ordmary salt-sugar media, whereas m the presence of 
cellulose vigorous perithecial fruitmg was observed Various factors, physical 
and chemical, have been reported by previous workers as mfluencmg spomla- 
tion in a number of species, and the present studies were undertaken chiefly m 
order to gam more information concernmg the conditions needed to stimulate 
fmiting of C globosum Kunze ex Fr and Memnomella echinata (Rw ) Galloway 


EXPERIMENTAL 
Materials and methods 

Chaetomium globosum The stram used was ongmaUy isolated from a piece of 
brown paper found rotting m contact with moist soil, and was maintained on 
a strip of filter-paper half immersed m Czapek-Dox salt solution 

Memnomella echinata The strain was isolated in India from rotten cotton 
canvas, and was maintamed m the same way as the Chaetomium sp The 
identity of both orgamsms was confirmed by the Impenal Mycological 
Institute, Kew 

The basal medium contamed NaNO, 2 g , KfcL,P 04 1 g , KCl 0 5 g , 
J 1 ^S 04 iHoO 0 5 g , and FeSO^ THnO 0 01 g, m 1 1 water Occasionally, as 
mdicated m the text, K 2 HPO 4 replaced the acid phosphate For solid media, 
agar (15 g /I ) was mcorporated Sterilization was at 10 lb for 15 mm , incuba- 
tion was at 30° 
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In the tables, the symbols + to + + -f haTebeenused to mdicatc the amount 
of growth and sporulation attempts ■were made to coimt the penthecia of 
C globosum but had to be abandoned as the- hyphal growth often obscured 
the pcrithecia. Colony diameters were used m some cases to estimate growth 
on agar media, two measurements at nght angles being taken on pairs of 
plates, m hqmd media the dry weight of mycehum was detemime<h 

Soum of carbon tn the medium 

A low concentration of hexose sugar has frequently been associated with 
production of spores (cf Klebs, 1900 Coons 1910 Robinson, 1926) and any 
process resulting in exhaustion of sugar m the medium (e.g prolonged in 
cubation accelerated respiration, etc.) may finally cause sporulatdoin The 
nature of the carbohydrate present has also been thought to affect sporulation 
but m some cases this effect seems to have been due merely to the ease with 
which a polysaccharide is broken down to hexose. In the first tests, which 
were mainly quahtative, eight different carbohydrates chosen to represent 
a range of chenucal tj'pes were used os the source of carbon, namely, glucose, 
maltose cellobiose, sucrose, starch dextrin, cello-dextnn, starch and cellulose 
All were used m 8% concentration, except cellulose (a sample purified by 
refluxing with 1 % ethanohc HCl followed by 1 % NaOH and washing) whose 
concentration was 1 % the basal medium contamed KaTTPOi m place of the 
acid salt Table 1 records the growth after 14 days mcubatiom 

Table 1 Influence of x>anou$ earbohydraiee on growth and 
tporulaiion on solid media 




CcDo. 

Starch 

CeDc- 




Glucove 

ftlaHofc bloso Sucroce 

dextrin 

dextrin 

Starch 

CclhUoie 



Ckactomittm globostan 




Mycelial 

+ + 

+ + ++ + + 

+ + 

+ 

+ + 

+ 

Perttbeofal 

- 

Trace — — 

Trace 

+ + + 

+ + 

+ + + 



ilemnoniefla cehinaia 




Mycelial 

+ + 

+ + ++ + + 

+ + 

+ + 

+ + 

+ 

Cooldlal 


Trace — — 

+ + 

+ + + 

+ + 

+ + 


The effect of varying the sugar concentration was next studied, the results 
observed after 10 days being recorded m Table 2 whereas Table 8 gives the 
results of a more detailed studj of growth on glucose media, with voiyung 
concentrations and over longer periods 

Because sporulation seemed connected with a low concentration of sugar in 
the medium whether mitially provided or produced by prolonged mcubatlon 
the actual sugar concentration at the time of onset of fruiting was determmed 
m some cases The results (Tabic 4) showed that with C globosum fruiting did 
not on any occasion take place imtil the sugar had almost disappeared from 
the medium nevertheless exhaustion of the sugar did not necessarily induce 
fruiting and some other factor must therefore have plajed a port m the 
process With Memnoniella echmata exhaustion of sugar is not essential, for 
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Table 2 Effect of varied concentration of sugars on growth and 
sporulation on solid media 

Chaetomtum globosum 


Sugar (%) 



t 

01 

A- — ' 

05 

A 

1 0 

15 20 

25 


* 






i •» 


m 

P 

m 

p 

m p 

m p in p 

m p 

Glucose 

+ 

+ -f 

+ + 

+ + 

4' + + — 

■f-t-f" “ — 

+++ - 

Maltose 

+ 

-t-h 

++ 

+-t 


(Not examined) 


Sucrose 

+ 

+ + 

++ 

+ + 

+ + -j- — 

+ + + — 

+ + + - 

CeUobiose 

+ 

+ + 


++ 


(Not examined) 



Memnonidla echtnata 
Sugar (%) 

t * — ^ 

01 05 10 15 



m 

> , 

c. 

/ ^ 

m 

c. 

/■ ^ 

m 0 

/ — ' — , 
m c 


Glucose + 

+ 

++ 

Trace 

++ 

++ 


Maltose + 

“ 

++ 

— 

++ 

++ 

N 

m., p and 

e.= mycelial, penthecial and comdial growth 


Table 8 Effect of different concentrations of glucose on growth and sporulation, 
over varying periods of time, of Chaetormum globosum on solid media 

Days 

, ^ , 

10 15 20 25 


Glucose 

1 

^ 

i 

-A ^ 

f 


r 

-A , 

(%) 

m 

P 

m 

P 

ra 

p 

m 

P 

0 1 

+ 

+ + 


+ + 

+ 

+ + 

+ 

+ + 

05 

+ + 

+ + + 

++ 

+ + + 

+ + 

+ + + 

+ + 

+ + + 

1 0 

-1- + 

— 

+-1- 

+ + + 

+ + 

+ + + 

++ 

+ + + 

1 5 

+ + 

— 

++ 

— 

+ + 

-t-f- 

++ 

+ -1- + 

20 


— 


— 

+ 

— 

-t + + 

+ + 


m and p = mycelial and penthecial growth 


■when the mitial glucose level was high, considerable amoimts of sugar remained 
at the tune of sporulation (Table 4) However, the medium for M echtnata, 
unhke that for Chaetomtum globosum, contamed added biotm, which tests had 
shown to be an essential factor for growth m liquid media (see p 166) 


Source of nitrogen in the medium 

The influence of different types of nitrogen compounds on the growth and 
sporulation of C globosum was mv^estigated, m the presence of glucose (0 6 %), 
as the source of carbon The substances used were sodipm nitrate, ammonium 
sulphate, asparagm (tnice recr^'stallized) and casein hydrolysate (Ashe 
Sntamm-free’), the nitrogen concentration being m each case 0 038% The 
rate of growth of the orgamsm was estimated bj measurmg colony-diameters 
at mtem^als (Table 5) 
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Gnjwth fadora 

It was found that the C giqbosum and the Memnontella ecMnata differed m 
their response to some of the recognized members of the B-group of vitamins, 
and it will be more convement to consider each organism separately 

Table 4 IntUal eoncaniraiion of glucoset conceniraUon at iima of 
sponiJaiion and time for aponilation tn Ixqutd media 
Ckaetomtim fiobosim 



Glocosa (%) 



At onset of sporolatkiii. 

Days required for 

Initial 

or after 44 day* 

sporulatJon 

0-10 

<0015 

8 

o-so 

<0-016 

18 

0-50 

<0015 

>44 

2-00 

<0015 

>44 


MannonUna tchinaia 


Oiucosc (%) 

Days itqnlrtd for 



Initial 

At onset of fpomlation 

■porulation 

0-50 

0-16 

5 

1-00 

0-06 

5 

1 60 

1 80 

6 


Table 5 Injitunce of various iourca of nitrogen on cohny dtometer {mm ) of 
Chaetomnim globosmn on tohd media 
Uaff 



1 

8 

4 

5 

0 

7 

6 

10 

11 

18 

Sodhim nitrate 

1 6 

8 

11 

18 6 

10 5 

20 

28 

24* 

26 

28 

Ammonium aolphate 

0 

8 

86 

4 

46 

45 

4-5 

46 

4-6 

4-6 

Asparagin 

1 6 

8 

10 

18 

14 

16-6 

10 

276 

82 

38* 

Casein hydrolysate 

1 5 

18 5 

10 5 

20 

SS 

24* 

205 

83 

87 

48 


• First •ppearance of pcritheda. 


ilf echinaia. The essential nature of biotin for this organism established by 
Marsh & BoUenhacher (1946) was confirmed m the present work. On hquid 
media containing 8 % (w/v) glucose, growth was insignificant, but the addition 
of as httle as 0*002 ^ bIotin/20 mh medium produced a noticeable response, 
and more than 500 times this amount seemed to be required for saturabon at 
this concentrabon of glucose (Table 6) 

Table 0 ^Effect of btotin on germinaUon and growth of 
llemnonicUa echmata 

Blottn (/ig /20 mL medium) 

I * > 

O-OOOfi 0-003 0-01 0-03 0-1 

Germlnstlon period (ds^n) 8 S 2 1 1 

Dry Trelgbt of mycelium 0 10 TO 118 154 

after 10 days (mg ) 
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Among other recognized members of the vitamm B group, thiamm, pjTi- 
doxm, mcotimc acid, riboflavm, pantothenic acid and p-animobenzoic acid 
were •without acti'vity, and it appears that biotm represents the only B -witamm 
requirement of M. echznata It may be mentioned that gro'wth on agar media, 
"Without added biotm or at ■very low biotm le"wels, was always better than on 
correspondmg liqmd media, suggestmg the presence of a trace of biotin m the 
agar (cf Table 2) The nature of the mycelium was markedly different at 
different biotm concentrations , m hquid media contaming 0 01 ^ % or loss, 
white detached colomes were formed, whereas m greater concentrations of biotm 
bro'wnish gelatmous mats appeared On agar media the tjqie of growth nas 
thm and spreading (‘starvation’ t}q)e) at low biotm concentrations 

Chaetomium glohosutn During some experiments in •nhich an aqueous 
extract of jute was used as a source of nitrogen, a remarkable stimulation of 
growth and formation of perithecia m C ghhosiim was noticed, and there nas 
very ready fruitmg when the organism was gro'wn on jute fibres suspended in 
salt solutions These facts suggested the intervention of some factor of the 
vitamin type, and led to experiments designed to test this supposition 

The extract was prepared from a ‘white’ jute of recent origin {Corchorus 
capsiilans, grown at Kishoreganj, 1945) as follows Five g of the clean drj’^ 
fibres were boiled for 80 mm with about 100 ml of distiUed water, after which 
the extract was squeezed out and the fibre discarded The liquor w as evaporated 
on the w'ater-bath to less than 50 ml and filtered to remove a dark scmu w^Iuch 
formed durmg evaporation The filtrate 'W'as added to 50 ml of double strength 
basal salt mednmi, glucose and agar -were added as required, and the whole 
made up to 100 ml Tims 100 ml of the final medium contained the extract 
from 5 g of jute, the actual weight of solid incorporated being about 50 mg 
The effect of the jute extract on gro'wth and fruitmg, in a medium contaming 
1 % glucose and 1 5 % agar, and the results of comparative tests m which 
IMarmite and malt extract (each at 1 % w/v) were used as sources of grow th 
factors, are shown in Table 7 In all cases growth -was markedly stimulated, 
especially -with I\Iarmite, but fruitmg •« as observed at a much earlier stage with 
jute extract, and the final crop of perithecia was v^erj’^ much greater It may be 
pomted out also that Marmite and malt extract contributed an appreciable 
amoimt of solid matter to the medium, the jute extract much less 

The effect of pure vutamms was next studied, when it w^as found that thiamm, 
nbofiavnn, mcotmic acid, pjwidoxm, pantothemc acid and p-ammobenzoic 
acid, m concentrations of 10, 25 and 50 pg /lOO ml of medium, and folic acid 
and inositol m concentrations of 5 fig and 10 mg /lOO ml respectively, had no 
significant effect on growth or firuiting Biotm appeared to accelerate fruitmg 
to a slight extent, but the effect was in no way comparable with that of the juto 
extract (Table S) 

An attempt was made to estimate the quantities of known grow th substances 
m jute extract, with a view to simulating the effect of the extract w itli an 
artificial mixture m the correct proportions Assaj s w ere made bj tlic methods 
described bv Barton- Wnght (1946), except that thiamm was estimated by the 
method of Bonner & Erickson (193S) On the basis of these results (Table 9), 
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the pure vitamins corresponding to 6 g of jute Trcre incorporated into 100 ml 
of basal agar medium, containing 0 6 % glucose. 

This mixture, though possibly causing a slight acceleration of fruiting was m 
no way as acbve as the crude extract from jute (Table 10) 


Table 7 Effect of Alarmtte, mali extract and jute extract on 
growth and eporulahon of Chaetomhim globosum 


(a) Colooy dlameten (mm.) cm agar 


Day* 



1 

2 

8 

4 

6 

0 

7 

10 

Perltbeciaat 
14 days 

Mannite 

35 

12 

18* 

23 

80 

81 

825 

48 

+ + 

Malt extract 

8 

10 

10* 

26 

27 

276 

28 

846 

+ 

Jute extract 

85 

16 

83* 

40 

47 

63 

56 6 

60 

(Immature) 
+ + + 


• FIrrt appesnoce of pcdthecla. 


(6) Dry weight of myc^um (mg ) in liquid media 




Days 


Days required 



— 



for 

Peiitbecift at 


8 

6 


sporulatioa 

14 days 

Mannite 

02 01 

181 

164 

a 

+ 

6lalt extract 

86 ai 

Cl 

C2 

8 

+ 

Jute extract 

62 64 

90 

94 

0 

+ + + 


Table 8 Effect of biotin on tporulaium of Qiactomium globosum 
on eoltd media 

Glucc»e(%) DMUa (fig %) Day of thjJttag 

0 - fi 0 8-10 

4 6-0 

1- 0 0 11-13 

4 a-11 

16 0 16 

4 10-13 


Table 9 Atsa^ of rtfamins tnjute extract 


Vitamin 

Assay organism 

Mode of com 
putatioQ 

fig vitamin/g 
Jute 

Thiamin 

Phifcomycet biakttleeama 

Direct reading 

0-223 

Rlboflarin 

LadobaeiUm bdoetiau 

Slope-mtk) 

0-301 

Pyridoxin 

Nettrotpora wUopbOa 

Slope* ratio 

0-116 

JSiootinic add 

LadobodUas anzlKnosuf 

Direct reeding 

0-471 

Fnntotbenlc odd 

LadobedUyt arabinemu 

Direct reading 

0-250 

Biotin 

LadobaciUca aidbinoru* 

Direct reading 

0-0080 

EstunatiODS of residual sugar at the bmc of fruitmg again 

showed that 


exhaustion of soluble sugar was m some way connected with sponilation at 
all concentrations of glucose, fruiting vos much accelerated and this was 
especially so when the initial glucose was 2 % or more, ns previous experiments, 
usmg media without added growth factors, had faded to give frultmg even 
after -W days (Table 11 cf. Table 4} 
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The rate of glucose utilization in media containing initially 0 25 % of the 
sugar was determined in presence and in absence of jute extract The results 
(Fig 1) indicated that sugar consumed per imit weight of mycelium remained 
fairly constant throughout the entire growth period, and was the same on both 


Table 10 Comparison of Hie effect of jute extract and mixed vitamins on 
colony diameters {mm ) of Chaetomium globosum {solid media) 

Days 



1 

2 

3 

6 

6 

7 

8 

9 

10 

12 

Basal medium 

0 

85 

65 

18 

17 

20 6 

23 

25* 

27 

28 6 

Mixed vitamins 

0 

4 

65 

11 5 

14 

19 

22^ 

25 

27 

80 

Jute extract 

8 

15 

20* 

44 

51 

57 

64 

69 

75 

— 


♦ First appearance of perithecia 


Table 11 Chaetomium globosum m liquid media, concentration of 
glucose at time of sporulahon in presence of jute extract 
Glucose (%) 

, * , Days required for 

Imtfal At onset of fitting fruiting 

0 10 < 0 015 5 

0 30 < 0 015 5 

0 50 <0 015 7 

100 <0 016 11 

' 2 00 <0 015 22 


With jute extract (hours) 



Fig 1 The rate of sugar consumption bj Chaetomium globosum m bquid media • — • in 
presence of jute extract, O — O m absence of jute extract. 

media In each case the rate of consumption increased till the end, and fruiting 
was preceded by the period of most rapid utilization Jute extract, by 
stimulating grottth, greatly increased the rate and penthccia appeared sooner 
These observations suggested that fruitmg was stimulated by the action of 
some defmite chemical substance, present m notable amounts m jute, but not 
anv one of the six vitamms assayed or of the other tliree tested Such a 
substance might be slowly produced by the organism itself, attamment of 
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a critical concentration being necessary for fruiting If such were the case, 
an extract of a vigorouslv fruiting culture might stimulate sponilation m a 
vegetative culture, or it might be possible to detect such a substance in the 
sunxnmdmg medium To test this CAoe/omiumglaioswm was grown m 200 mL of 
liquid medium containing 0 1 % of glucose the mycelium was harvested on the 
tenth day when frmtmg was vigorous, and an extract was made hy grinding 
up the mjcchum with 40 ml of fresh basal medium This extract was filtered 
and mcorporated m a fresh batch of medium with 0 5% glucose Similarly 
the staled bqmd medium was adjusted to its original pH (5 8) and the glucose 
concentration brought to 0 5 % In each case 1 5 % agar was added and after 
sterilization fresh moculations Vicre made. Table 12 shows the relative growth 
and fruiting properties of the origmol medium and those mcorporatmg 
mycelial extract or metabolic products 

Table 12 Effect of myceltal extract and staled medium on colony dtameUrs 
(mm ) of Chaetomium globosum on solid media 
Dfijs 



1 

2 

a 

4 

7 

8 

0 

10 

Basal medhuD 

0 

85 

a-5 



10*5 

28 

25* 

27 

Mycelial extract 

8 S 

7*0 

10 5 

U 

28* 

81 


85 

Staled medium 

25 

85 

85 

18 

25* 

27 

81 

84 


* First appearanoe of peritJbeda. 


Influence of coniaminant fungi 

The mutual sttmulatlon of organisms growing m association is well known 
and can usuaQy be asenbed to the production by each of the species of a growth 
factor essential for the other (cf K6gl ^ Fries 1087) Tests were accordingly 
mode to disco\er whether other fungi could stimulate fruiting in C globosum 
or Memnontella eehtnaia grown on agar media containing 0 fi % glucose 
Fifteen species all of which except the jMemnonxeUa sp grew and sporulated 
well on defined media were tned on Chaetomium globosum these mcluded 
four species of AspergiUus five of Pentcillium one each of Trxehoderma^ 
Paecxlomyces Chaetomium Stachybotrys and MemnoniellOt and another 
Dematiaceae species The test fungus was planted 2 days before the Chaetomium 
globosum In no case was any stimulation of fruitmg observed, and penthecia 
when they appeared always b^an to develop from the centre of the colony 
and not at the edge nearest the contaminant organism With MemnomeUa 
echinaia on the other hand, the presence of any one of a wide variety of fungi 
mduced fruiting at the edge nearest to the foreign colony 

DISCUSSION 

From previous work, as well as ftora that recorded here, it is evident that many 
factors both chemical and physical ina> affect the processes whereby the 
mycehal habit of growth gives place to the spomlatmg Among other factors 
must be counted (a) the degree of matunty of the organism (6) the general 
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nutntional level, especially perhaps as regards carbohj'drate supply, and (c) the 
possible action of ceidam stimulants necessarj'" in minute amounts and thus 
resembhng (or m some cases perhaps identical ivith) the long recognized groivth 
factors 

That the orgamsm must attain a certam state of development before fruitmg 
can occur seems to be unquestionable, for instance, on a 0 5 % glucose medium, 
Chaetommm globosum never produced perithecia irntd the colonies had reached 
a diameter of some 20 mm irrespective of vhether this occurred m 3 or m 
10 da}^s The suggestion that some substance formed by the organism itself 
must reach a critical concentration to mduce finutmg receives some support 
from the observation that frmtmg is accelerated by extracts of the mature 
orgamsm 

The expetiments on sugar utdization indicate that the general nutritional 
level, especially as regards carbohj’’drates, is imphcated, for with C globosum 
m hqmd media, frmtmg was m evei^’^ case delayed tdl the free sugar m the 
medium had been reduced to a verj’^ low concentration, either owmg to almost 
complete utilization, or because soluble sugar was available only at low 
concentrations as a result of its slow hberation from a polysaccharide Prenous 
workers h^ve recorded that media of low sugar content favour fruiting m many 
fungi (cf Hawker & Chaudhurj', 1946) The apparent anomaly (Tables 7(a) 
and 9) that the orgamsm contmues to grow m agar media after the onset of 
sporulation and may more than treble the diameter of colomes, is explamed 
b\' the slow diffusion of sugar m the agar, the penthecia form m the centre of 
the colonj , where sugar approaches exhaustion, while fresh growth takes place 
at the peripherj’ 

It is clearly possible that certam chemical substances may be necessarjf for 
the imtiation of sporulation. The influence of thiamm and biotm on frmtmg in 
various species has been made evident dunng the past decade, and the effect 
of biotm on JlemnomeUa echinata agam appears here Among the carbo- 
hydrates exammed, it is perhaps sigmficant that those which at first sight 
seemed to be associated with rapid production of penthecia were all colloidal 
substances of high molecular weight, prepared from plant material, upon 
which traces of growth substances from the plant tissue might weU remam 
adsorbed Maltose, an apparent exception to this, has been shown by Schopfer 
(1932 1934) to be liable to contammation vath thiamm 

Increased growth was frequently found to result from the presence of 
vanous ‘natural’ extracts (malt, > east, etc ) m the media, and m some cases an 
appreciable acceleration of fruitmg was also observed, even an extract of agar 
gave a small response m hqmd media The presence of members of the B-group 
mav well have accounted for the mcreased growth, but none except perhaps 
biotm directly affects sporulation Of all the materials tested, the extract of 
]ute IS outstandmg m stimulating the formation of penthecia in Chaetomnim 
globosum, not only m the shortest tune, but also in the greatest quantity, and 
suggests the existence of a defimte ‘fruitmg factor’ other than the recognized 
B-group \ntamms Only biotm, of all the known substances tested, had any 
detectable effect on the frmtmg of C globosum This substance is almost 
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certainly produced and liberated by many fongi, as shown the stimulatory 
effect of many species grown in association with Memnometla echxnata for 
which it IS the only essential growth factor yet none of the species which were 
found to stimulate M echxnata had the least effect on Chadomxum globosum 
The factor m jute is therefore not biotin^ nor any other of the nine B vitamins 
tested* 

Such a substance may accelerate sponilation merely by causing a more rapid 
utihzation of sugar for instance by stimulating respiration (since exhaustion 
of sugar seems a prerequisite of fruitmg m Chaeiomnim)^ or it may act m a 
more specific and direct manner that is by taking part in some enzyme 
system immediately concerned m the differentiation of the fruit bodies That 
such factors are confined to jute is by no means suggested Bobbins 4* Ma 
(1042) found m cotton not only biotm and pyndoxm but also unknown 
factors (avamehlc to CeraiostomeJla whfleZucJc Diehl (1040) demonstrated 
that certam other species grew and fruited on cotton extract media, but not on 
defined media (see also Sherwood & Singer 1944) A small amount of some 
stimulant apparently occurs m agar and Tschudy’s (1067) finding that 
Chaeiormum species fruited better on agar media than m hquid would seem 
due to such factors and not to the action of nutnents such as pentosans os he 
suggests The observation that extracts of mature mycelia, or of staled media, 
accelerate fruiting not only indicates that a definite chemical infinence is at 
work but 18 agam m agreement with the suggestion that the fruitmg factor 
may be distinct from the recognized growrth fetors 

MemnomeUa echxnata differs in some important respects from Chneiomxum 
globosum In the first place, biotm is essential for growth In its presence m 
adequate amounts exhaustion of sugar is not an essential prerequisite for 
sponilation nevertheless with very low levels of biotm, sponilation is con 
nected with low levels of soluble sugar If fruitmg is imbated directly by a 
chemical stimulant other than biotm, then this must be produced in sufficient 
quantities by the organism itself no indication of any other external factor 
was detected and even the jute extract, so active for C gfofcosum had no more 
effect tlian could be ascribed to its biotm content. One anomaly remains to be 
mentioned. The method of preparation of cello-dextrm m\’olving fairly drastic 
chamcal processes (e-g acetolysis) was expected to destroy any biotm present 
m the ongmal cellulose nevertheless, ccllo^extnn distinctly sbmulated growth 
and sponilation, and the posribihty still remains that some at least of the 
high molecular polysaccharides may have their own influence on metabolism 

The authors wlih to record their thanks to the Committe© of the Indian Jute 
flUDcrs Association Hesearch Institute by irhom the work was supported and to 
Dr S E. Jacob* and Dr L. E. Hawker for belpfiU discuision 
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ADDENDTOI 

Note on the bioUn requirements of Stachybotrys atra 

A culture of Stachybotrys atra (kindly supplied by Mr L D Galloway), while 
grnng onl)’’ a poor mycelial grondh on a liquid medium eontammg 8 % glucose, 
nas found to grow well and to produce abimdant conidia m agar media, and m 
liquid media when the glucose was replaced by filter-paper Marsh & Bollen- 
bacher (1946) reported a partial deficiency of biotm m this organism, and the 
above obsen^ations are m agreement with this view 

EXPLANATION OF PLATE 

Chaetomiwn globosum grown on agar containing inorganic salts and 1 % glucose Petri 
dishes 7 5 cm diameter 

Fig 1 Growth and sporulation after Odajs Left to nght, the basal medium alone, with 
1 % malt extract, and inth extract of 5 g jutc/100 ml 
Fig 2 Growth and sporulation after 14 dajs Left to right, basal medium irith 1 % malt 
extract, with 1 % marmitc, and with extract of 5 g jute/100 ml 


{Receited 12 December 1947) 
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Variations in the Properties of Potato Virus X and their 
Effects on Its Interactions with Rlbonuclease and 
Proteolytic Enzymes 

Br F C BAWDEN and A KLECZKOWSKI 
Tht Rothamsied Experimental Station Harpenden Herts 

SUMMARY When concentrated by precipitation with add and salta or by high 
•peed centrifugation, potato vlniB X tendj to become Inaolublo though rtDl remaining 
Infective and serologically active This greatly complicates parification and no method 
was found that conjd relied upon to give good yields of virus wHh constant 
properties. Insolubility Is correlate with the aggregation of virus particles to form 
long threads that become entangled, but H is probable that combination of the 
particles with some cell constituents is also concerned 

Insoluble preparations dissolve slowly when incubated with pH 7 6 borate buffer 
and rapidly in the prej e nce of trypsin or chymotrypsin. Both of these enzymes 
hydrolyse virus X chyraotiypsln being the more effective but different strains of 
the virus vary in their ausceptiblllty 

Rlbonuclease readily hydrolyses the nucleic add derived from virus X but seems 
to have no enzymic action on the active vims. MTien mixed with the virus, the 
enzyme comblnea with It and reversibly inhibits infectivity At pH 7 the addition of 
rlbonuclease to soluble virus preparations causes loss of anisotropy of flow a fall in 
predpltln titre, and tbe production of an insoluble complex. In^batioo at pH 7 5 
with borate buffer slowly dissolves the complex and restores the original properties 
of tbe vims the rate of re solution Is looreased by the presence of tripsin Some 
preparations of tbe vims were portlalfy decomposed by Incubation with borate 
buffer and sometimes the rate of decomposition was Increased In tbe presence of 
rIbonudeaseA 

Of the plant viruses that have been isolated in the form of nudeoproteins, 
potato virus X is exceptional m being susceptible to the proteolytic enzymes 
trypsin pepsin and papxain (Bawden JL. Pine 1036 1988) Tobacco mosaic 
virus which resembles virus X m forming rod hie partides of variable lengths 
and contains the same proportion of nudcic acid to protein is hydrolysed by 
these enzymes only if it is first denatured, though trypsm combmes with it and 
inhibits its infectivity (Bavsden Sc Pine, 1037 KleczkowsLi 1044) Similarly 
nbonudease combmes with tobacco mosaic virus, and is an even more powerful 
mhibitor of infectivity than trypsin, but it docs not hydrolyse the nudeic acid 
unless the virus is first denatured (Lonng 1042) It seemed of some interest 
therefore, to determine the effects of nbonudease on virus X the work 
described below was started for this purpose, but for various reasons the 
problem proved unexpectedly complex There wos little difficulty in demon 
« ir A ii n g iat any enzymic activity ribonuclease may have on vmis A is small 
compared with that of the proteolytic enzymes but it was less easy to find 
with certamty whether or not it has any such activity The enzyme inhibits 
infectivity and its mteractions with the virus also affect serological reactions 
so that quantitative mtcrprctations of infectivity and precipitin tests are 
uncertam. By far the greatest complication was the irregular behaviour of the 
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virus during the coiu’se of purification, and its tendency to become msoluble, 
a phenomenon not encountered with tobacco mosaic or other viruses that have 
been purified No method of purification was foimd that could be relied on to 
give preparations with reproducible properties, and although consistent results 
were obtamed m repeated tests on the same preparation, these might not be 
reproduced on other preparations The work was therefore extended to study 
some of these variations in the behaviour of virus X durmg purification and 
their effect m determmmg the interactions between the virus and enzymes 


RIATERIALS AND METHODS 

Three strains of potato virus X were used, namely, X^, X^ and X^ Most of 
the work was done with tomato (Lycopeimmni esculentum, var Kondme Red) 
and tobacco {Nicotiana tabacuni, var Wiite Burley) as host plants, but some 
tests were also made with X^ and X^ propagated m N gltltinosa, Datura 
stramonium and potato {Solanum tuberosum, vars Majestic and Doon Star) 
In tomato and potato plants X^ and X^ cause a severe mosaic with much 
necrotic spottmg and deformity of the leaves, in tobacco, Nicotiana glutinosa 
and Datura stramonium, they cause necrotic local lesions and systemic S 3 rmp- 
toms of the rmgspot type In all the hosts^ X^ causes a bright yellow inter- 
vemal mosaic with little or no necrosis However, the precise symptoms caused 
by any of the strains vary considerably with the season and with the age and 
condition of the host plants at the time of moculation For producing large 
quantities of virus X, tomato is the most suitable host, as young plants 
produce much sap which has a virus content twice as great as that from tobacco 
or potato On the other hand, tobacco has the advantage that purification of 
the virus usually proceeds more smoothly In the various hosts used, strams 
X^ and X^ occur at approximately twice the concentration of X^ The virus 
content of sap is higher from plants raised durmg the wmter than durmg the 
summer, and purification is also easier with sap from the former Sap from 
tomato plants, infected with X^ and X^, has sometimes durmg the wmter 
reached a inrus content of 2 g /I Leaves are picked from plants about a month 
after infection, when they are showmg good sjmptoms After removing the 
petioles and the largest parts of the mam vems, the laminae are mmced by 
passage through a domestic meat mmcer, and the sap which is expressed by 
squeezmg the mmced leaves m a cloth bag forms the startmg material for 
purification 

Infectmty tests were made using strams and X^ by the local lesion 
method with tobacco or Nicotiana glutinosa as a test plant Precipitin tests 
were made bi’^ methods prenously described (Bawden & Pine, 198G), 1 ml of 
antiserum at a constant dilution being added to a senes of tubes contaimng 
1 ml of nrus preparation at different dilutions The greatest dilution to give 
a precipitate visible to the eye after 3 hr incubation in a uater-bath at 50® 
was taken as the precipitin titre Anisotropy of flow was observed merely by 
examining the fluids m polarized light as they are tipped from end to end of 
half-filled tubes 0 5 cm in diameter 
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Measuremcaits of enzymic activities were made by methods previously 
described (Kleczkowskj 1044 1046) CrystaUme chymotrypsin vras obtamed 
from beef pancreas bj the method described by Northrop (1080) After 
isolation and recrj’stallutation as chymotrypsmogen it was converted mto 
chvmotrypsm and recrystallized twice. Ribonuclease was isolated from beef 
pancreas and was crystallized from ammonium sulphate solution by the 
method desenbed by Knnitz (1940) In this state, however preparations were 
unsuitable for use with virus A as they contamed sufBcient proteolytic 
activity to hydrolyse the virus Hence, before use the preparations were 
heated as described by Kleczkowskj (1948) to destroy proteolytic activity 
but leavmg much of the ribonuclease activity unimpaired. 

Bactena readily attack potato virus X which is also destroyed by mcubation 
with phosphate buffer around pH 7 (Bawden L Crook, 1947) All mcubations 
were therefore made with solutions containing 0 05-0 1 m bone acid borax 
buffer which has sufficient antiseptic properties to prevent bacterial growth 
and is relatively innocuous towards the virus. 


VonaUon it* the properties of virus during punjicaiion 
In attempts to find a method of punflcation that would give consistent 
results vanous methods of clanfymg the sap were tned both singly and m 
combination These were the addition of Na^HPOi (10 g /] ) freezing and 
thawmg and heating to 60 before centrifuging for 15 mm- at 8000 rp m All 
of them produced clear brown supematant fluids and seemed to cause little 
loss of virus on the green sediments but even the combination of all three 
failed to leave virus that would behave consistently At this stage there are 
considerable differences between different lots of sap indicating the wide range 
of virus concentration produced by the different strains m different host plants 
Some lots of sap especially those from tomato plants infected with or 
m the winter show anisotropy of flow strongly and precipitate with virus 
antiserum when diluted os much as 1/5000 Others for example, sap from 
toba(3CO plants infected with X® m the summer show no amsotropy of flow 
and give precipitin titres of only 1/250 There is hoyvevcr no correlation 
between vims concentration of the sap and behaviour during subsequent 
purification treatments better preparaboiis of vims can sometimes be made 
from samples of sap with low than with high virus contents, but not regularly 
The mam difficulties in punfymg %nm8 X are its tendency to become 
insoluble and the readiness witlj which it adsorbs other matcnals When they 
first desenbed a method for making liquid crystallme preparations Bawden 
& Pine (1988) commented on the greater difficulty of purifyung %nms X than 
tobacco mosaic virus and suggested that their y lelds were probably only about 
one fifth of the vims onginafiy present m the sap A treatment they found 
most valuable for obtammg consistent products was mcubation \ntli try^psln 
but this destroyed some vims As the mam purpose of this work was to 
obtam vims X m a form sifitable for testing its suscepUbility to nbonuclcasc 
this treatment was inadmissible for fear that some residual trypsin miirht 
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complicate subsequent tests with nbonuclease The omission of this treatment is 
probably responsible for most of the difficulties encountered, and the attempt 
to substitute sedimentation m the ultracentrifuge as an alternative was far 
from successful Any treatment that precipitates the virus, at any stage durmg 
the course of purification, is likely to cause a part or the whole of the virus to 
become msoluble A precipitation procedure that may have been apphed 
several times previously without rendermg a significant fraction of the pre- 
paration insoluble, when repeated, may turn the major part or even the whole 
of the preparation msoluble Bawden & Pirie (1988) found that the brown 
precipitates discarded durmg the course of preparations contained some virus, 
but m our work the bulk of the virus has often been contamed m insoluble 
pigmented material There is little m the appearance and behaviour of such 
materials to suggest this, and they could easily be regarded as impurities whose 
removal would produce a useful fractionation 

No exact sequence or number of fractionations can be described for the 
purification of virus X because the behaviour of different lots of sap is so 
variable that each has to be treated on its merits, but we have used various 
combinations of fractional precipitation and differential ultracentrifugation 
All the virus can be precipitated from sap by quarter-saturation with (NH4)2S04 
and it can usually be dissolved completely m a volume of water equal to a fifth 
of that of the origmal sap Provided the fluids are kept neutral by the addition 
of NaOH, precipitation and re-solution m water can be repeated many times 
without serious loss of virus, though occasionally, even at this early stage of 
preparation, the virus contamed m the bulky chocolate-coloured precipitates 
produced by (]SrH4)2S04 dissolves mcompletely or only slowly 
Each time a precipitate is suspended m water and centrifuged to separate 
msoluble material it is advisable to examine the supernatant fluids for 
amsotropy of flow Tlus provides a rapid test for the presence of the virus and 
shows whether most has dissolved or has remained on the precipitate When 
the supernatant fluids from the ammonium sulphate precipitations are coloiu- 
less, tile redissolved precipitate is brought to pH 4 5 v itli HCb This produces 
a variable result, sometimes precipitating all the Aurus, most often the greater 
part, but occasionally little or none The differences are not correlated with 
virus strains or host plant, but different proportions of different preparations 
precipitate at different pH Amlues If a precipitate obtamed at pH 4 5 is taken 
up at pH 7 and the fluid again adjusted to 4 5, it is usual for only a part of the 
preparation to precipitate The treatment Avith acid, however, is useful, because 
it often denatures some contaminants that are not removed by the treatment 
vith ammoniimi sulphate The prccijntate is taken up at pH 7, if much vmis 
remains m the supernatant fluid at pH 4 5 this is neutralized, mixed A\ith the 
A irus that precipitated, and the mixture centrifuged to free from any insoluble 
matenal Additional precipitations aa ith (NH4)2S04 and re-solutions noAA usually 
remoA e further coloured contaminants, and it is also useful to sediment the 
Aurus by centrifugmg 1 hr at 30,000 r p m Hoaa CA^er, any attempt to con- 
centrate the A irus to solutions contaming more than about 5 mg /ml is likely 
to lead to the separation of the Aims m insoluble, or A'ery sIoaaIv dissolving 
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stfltea Often the pellets obtained by ultracentnfhgation need extracting 
scrcral times using a total volume of water equal to that of the onginallj 
centnfuged fluid, before they resuspend completelj and remam stable when 
centrifuged at 8000 r p m The virus is more stable if suspended m 0 1 ii borate 
buffer, pH 7, than in water and preparations that have reraamed stable during 
the course of several precipitations or ultracentnfugations may become wholly 
insoluble when dialj’sed against distilled water 

Aggregation and disaggregaiton of vtrtis particles 
The difflculty experienced in keeping virus Y in solution partly arises 
because, during punflcation and concentration the virus particles aggregate 
linearly to such an extent that they become entangled one with another and 
form a mesh like structure too bulky to give a stable suspension or solution 
This lengthening and entanglement of the particles is clcarij shown by electron 
micrograms of the virus preparations at different stages In sap the virus 
occurs as separate particles varying greatlj m length but most are less than 
500 long In the insoluble preparations on the other hand mdividual 
particles are impossible to identi^ and the long fibres arc so intertwined that 
electron micrograms resemble pictures of fishing nets In this condition the 
\nrua also ceases to show anisotropy of flow, or shows it much less than when 
the virus is in solution and present as mdmdual rods Insolubility however 
docs not seem to result simply from the aggregation of virus particles but u 
more probably also associated with the combmaticm of the virus with some 
other materials The fibres composing the insoluble preparations are coarser 
than the virus particles occurring m sap or than the elongated threads m 
purified soluble preparations In addition the mesh like structure appears to 
contain particles of a different shape and denser roatenaJ than the varus 
Dawden Pine (1045) Imve shown that small particles of tobacco mosaic 
virus aggrt^te Jmearly when meubated with trypsin and they suggest that 
the trypsin removes matenals combined with the ends of the particles and sets 
free groups of the particles that then combine with one another "^Ith tliia 
virus aggregation does not proceed sufficiently for for the virus to come out of 
solution or to sediment with low speed centrifugation Bawden A. Crook (1947) 
hav e described a similar a^regation of small particles of virus Y produced by 
short incubations with trypsm It is possible, therefore, that virus X particles 
as they originally occur m the sap ore combmed with materials that act as 
stabilirers and whose removal during punflcation causes the particles to 
become increasingly aggregated but this docs not explain all the phenomena 
For example, the degree of aggregation sliould be correlated with the punty of 
a preparation, as it is with tobacco mosaic "vuiis but tins is not alwnjs so 
Dark brown precipitates, which will not dissolve in water often separate 
during the early stages of preparing virus A and these are nch in highly 
aggregated vims It is likely that in these conditions the vims has formed on 
insoluble complex by combining with some other constituent of sap The 
insoluble vims scerns to be fuUj infective and is serologically acth e, but 
suspensions show, no anisotropy of flow Incubation with trypsin restores 
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aiusotropy of flow and changes the character of electron micrograms from the 
fishing-net picture to one of more discrete, though still greatly elongated, 
particles After incubatmg such precipitates at 87° for 80 mm with 0 6 % 
commercial trypsm, about 70 % of them weight can be recovered m the form 
of soluble virus showmg strong amsotropy of flow The virus m such precipi- 
tates can also be brought into solution slowly by incubation at 87° with pH 7 5 
borate buffer, though 8 days’ incubation may be needed to produce the same 
result as 80 mm with trj'psm (Table 1) 

Table 1 The effect of trypsin on a crude insoluble preparation of virus 
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+ signs indicate the intensitj' of anisotropy of flov — signs indicate no anisotropy of flow 
op = opaque, tr = turbid, cl = clear The virus and trj'psin (British Drug Houses} uere both 
in water 

The action of trypsm and chjmiotrypsm on more highly purified preparations 
that have become insoluble can be spectacular An example is given m Table 2 
The virus preparation used was a colourless one that had become insoluble 
during dialysis It formed an opaque suspension that slowly sedimented when 
allowed to stand undisturbed, and it showed no amsotropy of flow Imme- 
diately the tr5q)sm or chymotrypsm was added, the virus began to dissolve 
and amsotropy of flow began to develop, and withm 80 sec the fluids were 
clear and showed amsotropy of flow strongly When mcubated, amsotropy of 
flow decreased because of the hydrolysis of the virus, but the control incubated 
with borate buffer alone after 24 hr had also begun to go mto solution and to 
show slight amsotropy of flow Precipitm tests can be made with the insoluble 
virus preparations, for they flocculate much more rapidly and at higher 
dilutions with vmis antiserum than with salme or normal serum Weight for 
weight the insoluble virus gives a smaller precipitin titre than soluble virus 

Table 2 Effects of chymotrypsm and trypsm on an insoluble 
preparation of potato virus 
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Symbols as in Table 1 The virus was suspended in wa^r crystalline chymotrypsin and 
B JI> H- trypsin were dissolved in pH 7 5 borate buffer 
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Treating the insoluble prcparationa with trypsin or chymotrypsm affects their 
serological reaction m vanous ways corresponding witii the changes m optical 
properties The first effect of the enzymes, which cause the development of 
anisotropy of flow leads to an mcrease in the precipitm titre, but with the loss 
of anisotropy of flow produced by hydrolysis during mcubation the titre fnll* 
steadily The development of anisotropy of flow caused by prolonged incuba 
tion with borate buffer also increases the precipitm titre, and reduces the 
spontaneous flocculations of the salme controls 

Table 8 Relahve susceptibility of tvoo strains of mrus X 
to chymoirypstn 
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Symboli as in Table 1 

The mechanism of re solution is uncertain, but two alternative explanations 
can be offered One is that the lateral linking of the fibres of virus X is brought 
about by impurities which are readdy destrojed or replaced by trypsm and 
chymotrypsuu As the virus itself is broken down by trypsm, another equally 
hkely explanation is that the splitting of a few of the entangled particles is 
sufficient to loosen the fibrous structure and allow the particles to separate one 
from the other and form a reasonably stable suspension. Electron micrognims 
of the insoluble preparations show the presence of material other than rod like 
particles, which does perhaps support the suggestion of impurities being 
responsible. Also if the phenomenon is caused by impurities the differences 
between the behaviour of different preparations receives a ready explanation 
if we postulate different quantities of such impunlies m different samples of 
sap "Whatever the explanation, it is clear that the mteracbons of virus X and 
trypsm and chymotrypsm are complex The enzymes cause small virus 
particles to aggregate, whereas they disrupt large msoluble aggregates and 
prolonged mcubation hydrolyses the protem itself The first two effects seem 
to be produced equally with the three strams but the different strains differ 
considerably m their susceptibility to the proteolytic action of botli trypsm 
and chyraotrypsuL Table 8 shows the results of one experiment m which 
preparations of X^ and AT were incubated under compianible conditions witli 
chymotrypam It will be seen that X^ lost anisotropy of flow abihtj to 
precipitate with virus antiserum and precipitabflity with trichloroacetic acid 
more rapidly than Stram X^ is interm^atc. In contrast to casein, which 
is digested more readily by trypsm than chymotrypsm, all three strains of 
virus A are hydrolysed more rapidly bj' chymotrypsm than by trypsin. 
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Properties of nucleic acid from virus X 

Sometimes the whole of the virus m a preparation becomes msoluble, but 
more often a part can be obtamed as a colourless stable solution, spontaneously 
birefrmgent if more concentrated than 1 % and showing strong amsotropy of 
flow if more dilute Preparations m this condition have been used for the 
^ preparation of nucleic acid and for testing the effects of ribonuclease The 
carbohydrate content of these preparations has varied from 4 to 7 % , instead of 
2 5 % found by Bawden & Pirie (1938) for their most highly purified prepara- 
tions Bawden & Pine (1938) and Lormg (1988) have described the separation 
of crude nucleic acid from vmis X preparations denatured by heat or by 
treatment with glacial acetic acid, but did not establish its identitj’^ We have 
isolated nucleic acid from vmis X by various methods, of which the most 
successful was that described by Johnson & Harkins (1929) for the isolation of 
yeast nucleic acid By this method 75 % of the phosphorus originally present 
m the virus preparation was recovered in the form of a protem-free nucleic 
acid The vmis solutions were mcubated with 0 85 n NaOH at 0® for 2 lu , 
brought to pH 6 mth glacial acetic acid and centrifuged free from tlie denatured 
protein This protem contamed only traces of phosphorus, but from 1 5 to 
4 5 % carbohydrate, depending on the ongmal content of the preparation The 
nucleic acid was then precipitated from the clear supernatant fluid by adjusting 
to pH 8 with 8 N HCl and adding an equal imlume of 95 % ethanol, and waslied 
first with absolute ethanol and then with ether The dried material contains 
about 7 % phosphorus, 14 % nitrogen and 33 % carbohydrate and dissolves in 
water at pH 5-6 The pH should be kept below 7, for at room temperature the 
nucleic acid depoljmienzes rapidly m alkalme solutions and soon ceases to be 
precipitable by 0 5 n HCl Solutions give a bluish green colour with Bial’s 
reagent and no colour with diphenylamme reagent m acetic acid (Dische, 
1930), indicating that it is a nucleic acid of the ribose, and not desovjTibose, 
type Incubating a 0 1 % solution with 0 01 % ribonuclease at pH 6 5 for 3 lu 
at 87° rendered the nucleic acid no longer precipitable by 0 5 N HCl After 
incubation m similar conditions, and for the same length of time, without 
ribonuclease, half the nucleic acid was precipitable In comparative tests wuth 
commercial preparations of nucleic acid from yeast and the nucleic acids from 
potato ^^^us X and tobacco mosaic viruses, those from the two viruses depoly- 
merized at the same rates w ith ribonuclease and w ith alkali alone, but the yeast 
nucleic acid w as depoIjTuerized more slowly t^liether this is because a different 
method of manufacture was used for the yeast nucleic acid or because of a real 
difference bet^^ een the } east and virus nucleic acids is unknowm 


BeacUons behieen ribonuclease and virus preparations 

The interactions of tobacco mosaic Mrus and ribonuclease Imc been de- 
scribed by Lormg (1942) and Kleczkowski (1946) ItTien tlic two arc mixed in 
salt-free solutions the Mrus is precipitated m the form of paracn,'stallinc 
threads which redissohe immediateh salt is added When the two arc mixed 
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m 0 1 u borate buffer at pH 7 there is uutial precipitation, but the fluids 
become clear after standmg for 80 min, at room temperature At concentra 
tiona at ^^hlch there is no precipitation combination between the virus and 
the enzyme can be demonstrated bj sedimenting the virus in the ultracentn 
fuge The addition of the enzjTne to the \Trus causes an immediate drop m 
infecti\nt>, but the infecti\nty can be restored bj diluting the murture Tliere 
18 no additional effect when the mixtures of virus and cnzjTue are meubated 
The mteractions of ribonuclease and potato virus X m some waj's resemble 
those of the enzyme and tobacco mosaic virus, but there arc differences Some 
of the differences m the behaviour with nbonuclease closelj simulate the 
differences encountered durmg the purification of the two lanises 

Table 4 Companson of the amount of ribonuclease {RNase) combining 
with vxnii and tobacco mosaic mnts {TJJ V ) 


Materials contained la 7 5 mL H|0 

Rlbonockase aotivity (as percentage 
of control) In 

at pH <W) (mg ) 

Supematant fluid 

Restopended pellet 

0 ^’inl* A + 1 6 RNose 

80 

20 

6 Tint* X 

0 

0 

0 TAI \ +1 a RNa*e 

23 

77 

OTALV 

0 

0 

1 a RNase 

100 

No pellet 


The mli Ui rei were ceatrlTuged for 1 hr at 40 000 1 pjo,, when the rupemnUot fluid* were 
decanted and the pellet* were rattspeoded In water ribonacleaae oetivitic* of the 
lupematant Quid and peQet were then estimated 

^Tien nbonuclease and virus X arc mixed at pH values between their 
Isoclectnc pomts the fluids become opalescent, more viscous and lose their 
amsotropj of flow There is no separation of obvious floccules, but low speed 
centrifugation produces a sediment. There is the same phenomenon whether 
the solutions are salt free or in 0 1 M borate buffer and the addition of salt to 
opalescent salt free mixtures does not merense their clanty or restore their 
anisotropy of flow These viscous opalescent raurturcs resemble the insoluble 
fractions of virus X preparations that separate during the course of purification 
\Vhen used m precipitm tests the mixtures gi>c lower precipltm titrcs than the 
soluble virus and in the presence of borate buffer they slowly become clear 
recover their anisotropy of flow and original precipitm litres The process of 
re solution is greatly accelerated by the addition of chymotrypsin though this 
does not cause such immediate changes as with the insoluble virus preparations 
used for the tests shown m Table 2 To quote one expenraent a mixture 
contammg 0 1 % virus and 0 05 % nbonuclease m 0*05 m borate buffer at 
pH 7 8 became dear and regained its full anisotropy after 10 hr at room 
temperature after the addition of 0 5 mg chymotiypsm/ml whereas the 
mixture in buffer alone required 80 hr for this to occur 

As with tobacco mosaic ^^rus combination between virus A and nbonuclease 
can be demonstrated by mixing the two ultracentnfuging the mixtures and 
assaying the supernatant fluid* and resuspended pellets for their content of the 
enzyme The results of one such experiment arc gi\ cn m Table 4 which shows 
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that 6 mg virus m these conditions combmed with 0 3 mg nbonnclease In 
similar conditions tobacco mosaic virus combmed ivith about four times as 
much ribonuclease The companson is of some mterest, for despite the fact 
that weight for weight virus X combmes.with less of the enzyme than tobacco 
mosaic VITUS, its mfectivity is more strongly inhibited by ribonuclease Apart 
from quantitative differences m the amounts of ribonuclease required to cause 
inhibition, the inhibition of the two luruses seems to follow the same course, 
inhibition occumng immediately ribonuclease and virus X are mixed and 
mfectivity bemg recovered by sufficient dilution Inoculatmg vath solutions 
contammg 10“^ or 10“* g vnus/ml , the concentration of ribonuclease needs to 
be reduced below 10"® g /ml before it ceases to cause any appreciable inhibition 
of mfectivity In attempts to assess any mactivation, as distinct from inhibi- 
tion, by mfectiAuty measurements, tests were made with mocula containing 
less than 10“® g /ml ribonuclease 

The effects of mixing ribonuclease and virus X have been reasonably 
constant with all the virus preparations used, but great variations have been 
encountered with different preparations that have been incubated with the 
enzjTne It is clear that ribonuclease has no effects comparable with those of 
the proteolj'tic enzymes Incubation with concentrations of the enzjnne 
(0 001 %) that rapidly attack the separated virus nucleic acid have no effect 
on the mtact vims Differences m the behanour of preparations incubated 
with and without nbonuclease occur only when the enzjone concentration 
exceeds 0 025% Even at higher concentrations there was no destruction of 
^^^us when mfective sap was mcubated, and writh no -purified preparation has 
the nms been completely, or largely, destroyed, as it is when incubated with 
proteol 3 ’tic enzjTnes With this one exception, howcA er, almost every possible 
result has been obtained with different purified preparations of the vims 
mcubated with concentrated solutions of ribonuclease Repeated tests with 
the same \nms preparation have given consistent results, but using different 
preparations some have suffered considerable mactivation as shown by falls m 
mfectiviW and precipitm titre, whereas others hav^e been unaffected and the 
rest have shown mcreases m both mfectmty and precipitin titre The different 
results are not correlated mth the use of different ^^ms strains or host plants, 
for all have been encountered with different preparations of strain X^ propa- 
gated m tomato plants The preparations which have shown mcreases in 
mfectmU and precipitin titre durmg incubation are merety reversing the fall 
in these tw o actmties occasioned by the vnms combining with the cnzjnne and 
separating in an insoluble form During incubation the Mms again dissohas, 
regams anisotropj of flow and its precipitin titre and mfcctivitj’^ arc restored 
to their original This re-solution does not seem to be brought about by any 
cliange m either the vims or enzjme, for both can be recovered with full 
actii itv These phenomena are illustrated m Table 5, which shows that while 
the infectiMtv' and precipitin titre of a v ims-ribonuclease mixture were 
mcreasing diumg incubation, the mfcctmtj and titre of a control solution 
mcubated with buffer alone were falling 

Variable results have also been obtained m tests made to determine whether 



188 


Reactions of potaio vmis X xtnih enzymes 

incubation \nth ribonuclease has any effect on the elementary composition of 
vmia X (Table 6) After incubating virus preparations ^th and without 
ribonuclease at 87* for various periods up to 48 hr at pH 7 5 the virus was 
either sedimented by ultracentnfogmg or precipitated bj adding on e^juaL 


Table 6 The increase of xnfedhity and preapiUn Utre when a mixture of 
virus and nhonudeate was xncuhaied 
Contents of mlxtores 


0^5% 
water 
solution 
of virus 
(mb) 

0-3 M 
pH 7 2 
borate 
buffer 
(mL) 

0-1% 

RNase 

In 

pH 7 2 
buffer 
(mL) 

A;^>earanoe of the 
mbrtures after (hr ) 


Infectivity 
(numbera of 
kdons/leaf) 
after (hr ) 

Serological 
predpltln 
tltrc after 
(hr) 

0 

24 

48 


0 24 48 

0 24 48 

48 


S-0 

+ 

op 

+ + 
tr 

+ + 
tr 

1/50* 

l/500< 

1 10 20'j 

• S 10 12j 

1 ^ 1 
^ 600 800 1200 

4S 

2-0 


+ + + 
cL 

+ + + 
cb 

+ + + 1/flO* 
d 1/500* 

180 1101 

61 4lJ 

1 1 
'2500 1000 


RNaso^rfboaucleasa. Symbols as lo Table 1 

* Dflutiooi at which the mhrtorea were used In the infectlrlty tests* 


Table 0 The vetnous tffects of tneubatton with ribonuclease on eJemeniary 
composition of different preparations of virus X^ 

Blixturet 


Vims 

preparation* 


O-ey water 
soiatkm 
of vlmi 
(mL) 


O-l It pH T 5 
borate buffer 
(mL) 


0-1%IINqjc 
In pHTfi 
Uiffer 
(mi) 


PrtdpitBt** with CCI,COOH 
from 2 5 ml. of each mixture 

Immediately After 48 hr 

P (mg ) N (mg ) P (mg ) N (mg ) 


At 

8 


8 

0-033 

1 11 

0-081 

0-97 

8 

8 


0-038 

1-00 

0-021 

0-95 

B 

8 


0 

0-030 

1-05 

0-020 

090 


8 

8 


0-030 

1 03 

0-038 

0-09 

C 

0 


8 

0-020 

099 

0-025 

0-88 


8 

8 


0-029 

0-98 

0-020 

090 

D 

8 


8 

0-02- 

0-03 

0-021 

0 78 


8 

8 


(HJ27 

0-01 

0-023 

0-79 

E 

0 


8 

O^BO 

1 10 

0-022 

1-00 


8 

8 


0-030 

1-08 

0-028 

1-05 


* A was Isolated by fractional centrifugation alonei B C, D and E by precipitation with 
add and ammonium sulphate 

t A from froxen sap of tomato plants B from frosen sap of tomato plants C,from£n»en 
and heated sap of tomato plants D from froxen sap of tobacco plants E, from froxen and 
heated sap of tobacco plants 

volume of 10 % (w/w) trichloroacetic acid and centnfuged Tlie pellets were 
then analysed for their content of phosphorus and nitrogen In many expen 
ments incubation with the enzyme has caused no more change in the com 
position of the vims than has incubation with buffer alone but with some 
preparations meubation with nbonuclcasc has apparently caused a loss of 
vmrying amounts of phosphorus up to 30% of that initiollj present. The 
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preparations in which loss of phosphorus occurred were those in which i 
tion with ribonuclease also led to a drop m the 23 recipitin titre and a 
infectivitj^ Hence it does not seem that the variable results can be atti 
to the presence or absence of a phosphorus-containing impurity th 
attacked by the enzyme A^or is there any evidence that such impurities 
for the phosphorus content of crude preparations is always below t 
carefully purified ones, and the apparent inactivation by nbonuclea 
occurred with some of the most highly purified viruses 
No positive interpretation of these variable results can be given, but it 
most likely that ribonuclease has no enzjTiiic activity agamst virus X an 
the variations are caused by the presence of variable amounts of imp 
that act as stabilizers agamst the injurious effects of incubation alone Bi 
& Crook (1947) have found that purified preparations of virus X are mact) 
by incubation with phosphate buffer at pH 7 and 87° and that this mactn 
IS accompamed by a separation of the nucleic acid from the protem 
inactivation does not proceed to completion, but leaves a residuum of 
logically active virus, and the amount of mactivation reached depends o 
state of purity of the preparation Inactivation does not occur when mfe 
sap IS incubated with phosphate and the inactivation of purified prepara 
can be prevented b}^ the addition of healthy plant sap and by some pr 
solutions Compared with phosphate buffer, borate caused little mactiv. 
but this is probably the effect responsible for our variable results 'i^nie 
have incubated infective sap with borate buffer, with and without 
nuclease, we have not found any loss of either infectivity or serological acti 
With purified preparations, however, there has always been some loss of ’ 
by incubation with borate buffer alone, though the amount of loss has vj 
from preparation to preparation This loss is more clearly shoivn by the elei 
tarj' analyses than by the precipitin titres or infectivity tests, as these 
complicated by the virus bemg rendered insoluble by combinmg with i 
nuclease and its re-solution during incubation This phenomenon can ace* 
for the occasional rises m infectivity and precipitin titres during incubal 
and probably happened m preparations containing sufficient stabilizing 
purities to prevent mactivation by the borate buffer In preparations < 
taming less of these impurities, mactivation would proceed, and m some ( 
proceed, sufficiently far for the beneficial effects on mfectl^^ty and prccij: 
titre of re-solution of the virus to be overcome, with a resulting droj 
actmW Where incubation v ith ribonuclease lias carried decomposition furl 
than incubation with borate buffer alone, it seems likely that the enzyme 
merely acted bv remoAung degradation products of the virus and moving 
state of equilibrium further towards complete mactnation 
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Synthesis and Breakdown of Glutamine by Various 

Micro -organisms 

By H McILWAIN 

TJmtJor Cell Metahohsm {Medical Research Council), Department 
of Bioehcimstry, The University, Sheffield 

SUMMARY Glutamine is not required for staphylocoecal growth, and ims found to 
be synthesized by staphyloeocci from NHj and glutamic acid m the presence of 
glucose The amount of glutamme found was, however, much less than that of the 
NH 3 reactmg Similar relationslups were found m Proteus morgaim, Pr vulgaris, 
Saceharomyees cercvisiae and S ellipsotdeus Proteus morgann was, however, out- 
standmg m possessmg a powerful glutammase wluch could easily be separated from 
the cells , m tlus it differed markedly from Pr vulgaris Glutammase actinty was 
also demonstrated m yeasts, vhere its occurrence has been previously a_matter of 
dispute 

Glutamme is essential for growth of certam ; 8 -haemoIytic streptococci, it 
accelerates their mam energy-jueldmg reaction, gtycolysis, and it is hydrolj’sed 
to glutamic acid and NH 3 durmg tlus process (McHwam, 1946 a, h) Certam of 
these associations may be explamed bj'^ the need of energj’^ for tlie assimilation 
of glutamic acid and glutamme (Gale, 1947) This requirement (Taylor, 1947), 
like that for glutamme m growth (McDwam, Fildes, Gladstone & ICnight, 
1939), IS different m different microbial species We have now studied the 
association betiveen glucose, glutamme, glutamic acid and anunonia m sei^ral- 
micro-organisms 

fllETHODS 

Organisms Staphylococcal strams comprised ‘35’, from a case of osteo- 
myelitis and ‘E’ from one of impetigo, and were grown under the conditions 
described for streptococci by McHwam (1946a, b) Strams of Proteus morgann 
included No 2818 of the National Collection of Tjqie Cultures, and tvo freslil}’- 
isolated from faeces, they were grown as described by McHwam & Hughes 
(1945), but with 10 -® Ji pantothenate Pr vulgaris was grown as Pr morgann , 
one strain (C) was from an infected wound, and the other had been maintained 
on laborator}”- media for man}^ j-^ears Saceharomyees cercvisiae and S cllip- 
soideus were respectively Nos 4614 and 7040 of the National Collection, 

No 7040 being used shortly after its receipt from a distiller}’- They were grovn 
in a mixture of morgamc and ammonium salts v ith 2 % glucose and 1-5 % of 
a bacteriological infusion broth Bacteria were maintained on broth agar 
slopes and grown at 37° , yeasts, on malt-agar slopes and at 25° except where 
otherwise described 

Experimental procedure The metabolic experiments v ere made and NH 3 and 
glutamme were detennmed by methods stated prenously (McHwam, 1940a, h, 
Roper & McHwam, 1948) Yeasts were extracted mechameally and autolyticall} 
b} the methods applied to bacteria (JIcHwain, Roper & Hughes, 1948) The 
saline used ^vas that of Ivrcbs <L Eggleston (1940) 
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RESULTS 

Staphylococci 

Ofowih. Ghitamine (5 x IC^ ii to 5 x 10“^ si) was without effect on growth 
of the two stxams under conditions m which the substance is necessary for 
strqitococcal gro^Tth Slight stimulation has been found in other strains (cf 
Fildes & Gladstone 1089) but was not sufflcientlj well defined to afford a 
subject for investigation The sulphondeand sulphone derived from methionme 
were without effect on the growth of strain 85 when present at 0^1 ir in an 
ammo-acid medium (Fildes (t- Richardson, 1987) (Inhibition is caused bj the 
methionme derivatives m other bactena and ia related to their ractabohsra of 
glutamic acid ) 

Table 1 Reaction of ttaphyloeocci with gluiamvic and 


ammmnum ghdamale 


Strain of organism; 
dry wt. (mg ); 


CbangD (^udoL) In 

duratloo of 


, 

*■ 

- ^ 

experiment (mlo,) 

Substmtes (/unol.) 

GIntamloe 

NH, 

CO, 

M ;-i*T{80 

Glutamloe 16 

-2-0 

+ 28 

+ 18 


Glutamine 15 and ghicoee, 200 

-CHJ 

<0-1 

+83 


Ammoalum glatamate, 81 

-^01 

<0-1 

+ 1-0 


Ammooiom ghitamate, 81 and 

0 

-43 

+83 

85 ;25 120 

glucose 200 

Ghrtamine 12-0 

-22 

+32 

+ 12 


Ghitamine, 13*0 and gluooee 200 

<0 1 

<0-1 

+ 84 


Glucose 200 

<0-1 

<0-1 

+ 54 

35 ;31; 120 

Ammonium gioiamate, OS S and 

<0-1 

-0 5 

+53 


giucose 200 

Aunmonlum giotamate, 94-0 and 

<01 

-48 

+ 54 

B 0 80 

giucose, 200 

Ghitamine, 14-t 

-0-5 

+ 0-0 

+ 08 


GluUmiue 14*4 and glucose, 200 

<0*1 

<0-1 

+ 85 


Ammonium chloride, J 01 and 

<01 

-1*0 

+30 


glucose, 200 





Bxpeilmeata were performed anaeroblcailly at pH 7-6 sad 8T° with the rabitrstes sad 
smoant of orgaaism ladlcsted la 3 mL of blcorboaste tallne Tlie rhsnges recorded are la 
the complete metoboUo mixtures without separatioQ of orgsnlmis. Orgaakmi were grown 
for 18-23 wm«hed twice with 0*0% NsQ sad suspended in that solutioo for use. 

Anaerobic reacUont with glucose The reaction was examined only m order to 
find whether glutamme affected it, as is the case with streptococci Acid was 
formed from glucose and determmed (c) by evolution of CO, from bicarbonate 
which occurred at rates comparable to those observed m streptococci, and 
(6) ns lactic acid according to Fnedemann A. Gracser (1938) Table 1 includes 
expenments m which the rates were of 10-15 /rraoL/mg dry wt. of ccUs/hr 
Glutamine had little or no effect on the rates, the maxiraum increase of some 
8 % bemg no more thwn that given by emmomum glutamate The organisms 
were exammed after 6 18 and 30 hr growth. 

Action an gluiarmnc and ammomum ealis Glutamme was decomposed with 
formation of NH, m the absence of glucose (Table 1) a phenomenon not found 
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in the exacting streptococci The rate of decomposition was, however, not high, 
mean values for Qgjnt. calculated from the data of Table 1, assummg the rate 
to be steady during the experiments, were -0 12 to -0 44 ^mol /mg drj^ 
wt /hr , or about 1/5 to 1/10 of those observed m streptococci in the presence 
of glucose The NHg formed was about eqmvalent to the glutamme decomposed , 
the orgamsms may thus be said to exhibit a small ‘glutammase ’ activitj'’ (The 
term ‘ glutammase ’ has been retamed m describmg such formation of glutamic 
acid and NHg from glutamme, though it may later be necessary to use a more 
specific name such as ‘ glutamme desamidase ’ ‘ Glutammase ’ has been avoided 
in describmg the coupled breakdown of glutamme to the same produets, which 
occurs, for example, during streptococcal glycolysis ) During this reaction the 
total COg evolved from the bicarbonate containmg media was small, being less 
than the change in glutamme No reaction correspondmg, for example, to 
glycolysis from stored carbohydrate, was therefore occurring 

In marked contrast to the findings with streptococci, glucose did not increase 
the quantity of ammomum glutamate formed from glutamme, but decreased 
it The ratio of change m glutamme to change m COg then became < 1 100 and 
often < 1 500 (Table 1), whereas the correspondmg ratios with exacting 
streptococci n ere 1 5 to 1 20 Such decomposition of glutamine as did occur 
with staphylococci m the presence of glucose did not lead to accumulation 
of NHg 

Ammonia added as NH^CI or as ammomum glutamate also disappeared m 
the presence of glucose, the rate of reaction was then —07 to —16 ;umol 
NHg/mg dry vt /lir The glutamme formed was too small to be detected by 
the method of Vicker)'', Pucher, Clark, Chibnall & Westall (1935), but could be 
determined microbiologically By such methods (cf Roper & McDwam, 1948) 
the strain ‘E’ m phosphate buffer of pH 7 6, with glucose (0 017 m) and 
ammonium L-glutamate (0 0053 m) for short periods (cf Mcllwam et al 
1948) sjmthesized and stored glutamme m the cells, usually at rates of 
5-15 mfimol /mg dry wt /hr In one case a rate of 50 m/xmol /mg /hr was 
obseix'^ed These indicate mmimum values only for the rate of glutamme 
svnthesis 


Proteus morgami 

Grozcik Glutamme (IO'^-IO-^m) did not affect the rate of growth of 
Pr morgainz under the conditions m vhich this substance was essential to 
streptococci nor under the conditions employed m growing the orgamsms for 
the present metabolic experiments 

AcUon on glucose The t\\o strains rapidly produced acid from glucose 
anaerobicallv and their Qoo, m bicarbonatc-contaming media was equal to, 
or greater than, that of the streptococci Added glutamme did not affect 
their Qco. 

Achon on glutamine and ammomum salts Pr morganu caused a rapid 
breakdown of glutamme both v ith and v ithout glucose Without glucose, NHg 
was formed m approximatelj equimolar quantities (Table 2), but vith glucose, 
much less NHg nas found This appeared to be due to a sccondar)’’ reaction 
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The disappearance of NH^ from glutamme was not confined to NH, from this 
soxircc NHj production from aspnragme was also less in the presence of 
glucose than m its absence The strain 2818 produced NH, anaerobically and 
in the absence of glutamine, at pH 7 6, at the rate of 2 D /imol /mg /lir from 
asparagine, and at 2 8 pmol /mg /hr from aspartic acid the reactions if 
an} with pyrrolidone-a-carboTylic acid or with arginine gave <0 2pmol 

Table 2 ReacUonofVi raov^^u vnth glutamine and ammonmm salts 
Experimental orraoeement a* described in Table 1 


Strain of organltra dry Change (/JikiL) In 

wt (mg ); duration of , * 


experiment (mla.) 

Substrate* (/imoL) 

Glutamine NH^ 

CO, 

2SI8 81t8S 

Glutamine, 14 1 

-18 8 

+ 14-0 

+ a 


Glucoee 200 

0 

0 

+ 60 5 


Glucoae 200 and ghitamine, 14 1 

-12-4 

+ 81 

+ S85 


Glucoae 200 and glutamine, S-O 

- S3 

0 

+ 01 

2818 SI 83 

Glucoae 200 

0 

0 

+56 


Gluroae, 200 and ammonium 
glntamate ift 

0 

- 07 

+ 54S 


GIoook 200 and ammonium 
chloride 18 

0 

- 7*0 

+ 55-5 


Ammonium glutamate IS 

0 

+ 02 

0 


Ammonium ohJoride, IS 

0 

-I- 0-2 

0 

Lob strain 2 8 6; iS 

Glutamine, IS 8 

-148 

-I-18-0 

+ 0-5 


Glutamine ISSandgiuecne 

-145 

-1- 84 

+58 


Ammon! am glutamate 14 8 
and glucoae 

0 

- 33 

+51 


Ammonium chloride IS 8 and 
glucovj 

0 

- 71 

+ 54 


AmmonhuD chloride 15 9 

0 

- 0-2 

+ 0-5 


Glucoae, 200 

0 

0 

+ 54 


NHj/mg /lir Ammonia added as NII4CI to Pr morgann m the presence of 
glucose also disappeared at about the same rate as did that from glutamme 
(Table 2) though in the absence of glucose little change occurred in NH, The 
disappearance of added NH* durmg reaction with glucose was frequently less 
m the presence of glutamic acid but ammonium glutamate yielded no gluta 
mine either m the presence or absence of glucose. It is understandable that 
little or no glutamme should accumulate as such (though the orgnmsms 
presumabl) synthesize and assimilate it in growth) because its breakdown is 
rapid 

Pr morganu thus differed from the staphylocoeci in its much more rapid 
glutaminasc action, and in the fact that such action was unaffected b> added 
glucose. The disappearance of NH, in the presence of glucose but without 
corresponding ghitamine synthesis (a feature common to both these organisms 
and many others) was earned out more rapidly bj Pr morganii 

Extraction of a glutaminasc from Pr morgonii The cells were easily broken 
bj groimd glass and in the preparation used for the expenments of Tabic 0 
£H) % of the cells bad been broken The extract luxd about one-third of the 
activitj manifested by the intact cells at pH 7 0 the debris had onc-quarlcr 
the activity The remamder was not ncccsaani) lost as the pH of the test 
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system was not that which was later found to be optimal for glutamine break- 
dowti The extract was much more active at pH 5 
Autolysis also yielded an active solution, containing some 60% of the 
activity of the cells from which it was prepared Like the intact cells this 
yielded 1 mol NHa/moI glutamine decomposed (Table 8) 


Table 8 Ammonia formation from glutaimne by extracts o/Pr morgami 


Preparation, equivalent dry 


NH, 

produced 
(/unol ) 

Glutamine 
lost 
(/tmol ) 

wt (mg ) of bacteria used 

Buffering 

m 1 hr 

m 1 hr 

Presb cells , 8 

Bicarbonate, pH 7 6 

18 6 


First extract of ground cells , 8 2 

Bicarbonate, pH 7 6 

4 0 

— 

Second extract of ground cells , 8 2 

Bicarbonate, pH 7 6 

2 6 

— 

Ground cell residue , 7 0 

Bicarbonate, pH 7 0 

3 6 



First extract of groimd cells , 8 2 

Acetate, pH 4 5 

22 0 

— 

Fresh cells, 2 

Phosphate-citrate, pH 4 5 

55 0 

• 

Autolysate , 2 

Phosphate citrate, pH 4 6 

40 8 

— 

Residue from autolysis , 2 5 

Phosphate citrate, pH 4 5 

25 3 

— 

Autolysate (different preparation) , 2 

Phosphate-citrate, pH 4 5 

35 G 

857 

Autolysate (different preparation) , 2 

Phosphate-citrate, pH 4 6 

35 0* 

84 9* 

Autolysate (different preparation) , 2 Phosphate citrate, pH 2 6 

* Aerobic reaction 

25 6 

20 0 


Evtracts vrere prepared from stram 2818 after 18 Iir growth Reactions were performed 
anaerobically unless otherwise spccifled, and with mitially 00 /xmol glutamine per reaction 
nviNture of S ml Controls at the experimental pH values shon ed no spontaneous breakdoivn 
of glutamine 


. Proteus vulgaris 

Growth In the casein hydrolysate medium employed m growing Pr vulgaris 
for the present experiments, addition of glutamme (10~^-5 x I0~^ Ji) did not 
alter the mass of bacteria produced The medium contamed glutamic acid 
which uas observed by Fildes & Gladstone (1989) to stimulate growth of a 
stram to almost the same extent as did glutamme when the substances were 
added to a medium of inorganic salts and lactate 

Action on glucose The tvo strains produced acid from glucose Carbon 
dioxide vas evolved from bicarbonate-containing solutions at rates of 
G-15 pmol /mg dry wt /hr and these rates ucre increased bj’’ about 0 008 5l 
ammonium salts or by glutamine to small and equal extents Thus the strain B 
(Table 4), when evolving CO, at the rate of 15 8 /imol /mg /lir , uas stimulated 
1C % bj glutamme and 13 % by ammonium glutamate, in stram C, the rate of 
IG 1 pmol /mg /hr was increased 14% by both compounds 

Action on glutamine and ammonium salts Table 4 shovs that, in marked 
distmction from the beha\nour of Pr morgann, Pr vulgaris had little action 
on glutamme alone Ammonia disappeared only slovly, vithout formation of 
glutamme, from solutions of ammonium glutamate added to suspensions of 
Pr tulgaris, but tins reaction and the decomposition of glutamme became 
considerable m the presence of glucose Here again, metabolism of glucose a as 
associated a ith a reaction leadmg to loss of the labile amide — ^Xllg of glutamme. 
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at a rate of 1-2 fimolfmg drj wt,/hr , bat without accumulation of NH, 
Acetyl phosphate did not mduce breakdown of glutamme but led to loss 
of NH, the CO, produced (Table 4) during the experiments corresponded 
approximately to the compound s spontaneous hydrolysis (Lipmann & Tuttle, 
1044) 

The two strains were typical of Pr xmlgans in exlubitmg powerful urease 
activity 


Table 4 ReadwnofPr vuls&ns with glutamim and ammonium sails 

Experimental arrangements as deacelbed in Table 1 except that pH was varied as 
Indicated below •• 


Strain of 

organism; Dnration of Change (^ol ) in 

dry wt- experiment , 


(mg) 

(min ) 

pH 

Sobttmtes (/tmoL) 

Glutamine 

NH, 

CO, 

B; 82 

00 


Ghitamine, 18 7 

0 

0 

+ 0-7 


60 

7-0 

Glutamine, 18 7 

0 

+ 0-8 

+ 1 1 


00 

7*0 

Glutamine, 18-7 and gluooae, 
200 

-s-o 

0 

+42 2 

C}73 

00 

4S« 

Glutamine, 18 7 

-1-0 

0 

+ 0-6 


00 

70 

Glutamine 16 7 

•f02 

+ 12 

+ 10 


00 

TO 

Glutamine 16 7 and glucoee 
200 

-5 1 

0 

+ 45-0 

B 085 

100 

7-0 

Ammoohim glatnmata, 45 5 

0 

- 8 1 

+ 0-5 


80 

7-0 

Ammoohuaglutanute 45 5 
and gluooae 200 

0 

- 06 

+ 558 


80 

7-0 

Glutamina 21 and glncoee, 
200 

-5-4 

+ 0-2 

+ 578 


lOO 

7-0 

Glutamlce 21 

0 

+ 08 

+ 0-6 


80 

7-6 

Urea, 25 

0 

+ 83 0 

— 

Cl 0 05 

100 

7-0 

Ammonium glutamate, 27 

0 

- 33 

+ 0-8 


85 

7-0 

Ammonium glutamate 27 
and glucoae, 200 

0 

- 03 

+ 60 1 


100 

7-0 

Ammootum glutamate, 27 
and acetyl pboephate, 60 

0 

- 48 

+ 10-0 


100 

76 

Ghitamine, 15 7 

-0-8 

+ 05 

+ 07 


100 

7-0 

Glutamine 16 7 and acetyl 
phespbate 50 

-0-8 

+ 06 

+ 122 


80 

7-0 

Glutamine 16 7 and ghicoee, 
200 

-78 

+ 0-8 

+ 68 


* Acetate buffer u*ed instead of bicarbonate 


Ycasis 

The formation of NH, from glutamine bj yeast extracts was reported by 
Geddes & Hunter (1028) and Grassroan A Mayr (1038) without expcnmcntnl 
details and In studies mcidentol to those of jeast aspamgmase, Archibald 
(1045) found no glutaminasc activity and stated that this was also the finding 
of Schwab (1030) and Nielsen (1041) The observations given below mdicatc 
well marked glUtominase action but show that the presence or absence of 
glucose greatly affects the reaction of yeasts to glutamme Also glutamine 
can be broken down without accumulation of NH, 


oHtia 
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Growth The elfect of glutamme in concentrations between 10 ~®jr and 
8 x 10 ~^m on growth of the strains of Sacchaiomyces cerevrsiae and S ellip- 
soideus at 25 and 85° was examined m media consistmg of ammomum salts, 
morgamc salts and glucose, and in the mixture of ammo-acids used by Glad- 
stone (1939) In the different experiments, wuth varymg mocula, visible 
growi;h first appeared at 1-4 days, but m no case was a significant acceleration 
by glutamme observed 

Fermentation The production of CO 2 from glucose b)’^ baker’s yeast was 
observed by Smythe (1939) to be accelerated by glutamme, an effect which he 
concluded was mediated through NH 3 formed from the glutamme The present 
observations are m agreement with this Stimulation of CO, production at 
pH 7 5 by glutamme was smaller (4-8 %) than by ammonium glutamate 
( 12-20 %) The j’^easts were grown for periods between 80 and 72 hr and were 
washed m salme, but were not prepared by the methods described by Smythe 
to obtam maximal response to NH 3 

Action on glutamine and ammonium salts Reaction mixttues with and 
without glucose were exammed for anaerobic production or disappearance of 
ammonia and glutamme (Table 5) The values show that rarely, if ever, did 
a simple conversion of glutamme to glutamic acid and NHg, or the reverse 
reaction, take place. Decomposition of glutamme was slow, except m the 
presence of glucose With glucose it reached values of 1 pmol /mg /lir , and thus 
approximated to the rate of glutamme decomposition by streptococci Unlike 
the reaction with streptococci, how ever, little NHg accumulated as a result of the 
loss of the labile amide group of glutamme m the presence of yeasts Added 
NHg also disappeared either at a slightly greater {S elhpsoideus) or much 
greater rate {S cerevisiae) than that of the reaction with glutamine Any NHg 
formed from glutamme would therefore be expected to undergo further 
reaction and not to accumulate The two yeasts differed, not m their rates of 
reaction with ammonium salts, but m theu rates of glutamme decomposition, 
which was lower in S cerevisiae A small accumulation of sjmthcsizcd gluta- 
mme w'as obsen^ed m some cases (Table 5) 

Yeast extracts and glutamine An extract prepared by rubbing moist cells 
of S elhpsoideus wnth powdered glass contained little free glutamme and NHg, 
and on incubation anaerobically with added glutamme at pH 4 5 or 7, it 
caused a slow breakdoini of glutamme (—0 2 to — 0 8 /imol /quantity of extract 
prepared from the equn alent of 1 mg dTj-- wt of yeast/lir ) The rate was 
unaffected by glucose The molar quantitj of NHg produced was less than that 
of the glutamme lost 

On autolj SIS in the presence of fluoride, extracts w ith smaller glutaminasc 
actnity were obtamed These decomposed 0 1-0 2 ^mol glutarame/mg.-equi- 
Aalent/hr with the formation of about an equimolar quantity of NHg Such 
actn itj maj account for the reports of Geddes & Hunter (1928) and Grassmann 
<fc MajT (1933), it represents, however, only about one-tenth of the activity 
exhibited towards glutamme in the presence of glucose 



Table 5 Readtons of yeasts mih gUttarmne and ammonium glutamate 
described la Table 1 excqit that pH was adjtuted as iadlcated below and the 
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DISCUSSION 

The changes which have been observed m glutamine and m ammomum 
glutamate, m the presence and absence of glucose, are summarized in Table 6 
All the orgamsms are capable of reactions mvolving either the formation or the 
removal of NH3 (or both reactions) at rates of at least 1—2 /zmol /mg dry wt^/hr 
In straightforward hydrolysis of glutamme to glutamic acid and NH3, Proteus 
morgamt is outstanding Its reaction, at the rate of 6-8 /xmol /mg /hr , results 

Table 6 Summary of reactions of micro-organisms mth glutamine 
and ammonium glutamate 

' Quotients* (;unol /mg dry ivt /hr ) with 

A 

f -V 

Glutamine Ammonium glutamate 


Organisms 


Alone 

With glucose 


Alone 

IVith glucose 

/ff-Haemolytic 

(QifB, 

0 to +0 1 

-hi to -(-S 


<0 03 

0 to -0 08 

streptococci 

\Qtlat. 

0 to -0 1 

-1 to -8 


<0 03 

<0 08 

Yeasts 

/Qkh, 

IQtlnt. 

0 to -(-0 03 
<0 02 

0 02 

-0 8 to -1 

0 

-fO 

to -0 08 

02 to -(-0 05 

-or to -I 2 
<0 02 

Staphylococci 

/Qkh, 

-(-0 1 to -h0 4 

<0 02 

0 

to -0 02 

-1 to -1 5 

iQghrt 

-0 1 to -0 4 

0 to -0 1 

0 

to -(-0 02 

<0 02 

Pr moTganii 

/ Qkh, 

-(- 6 to -{- 8 

-(-4 


<0 02 

-1 5 to -2 5 

\Qghit. 

-Oto -8 

-Oto -8 


<0 02 

<0 02 

Pr vulgans 

/Qnh, 

0 to 0 16 

0 to -f 0 1 


-0 8 

-1 0 to -2 1 

IQglat. 

Oto -01 

-0 7 to -2 2 


<0 03 

<0 08 


* Changes have been expressed as metabohc quotients for convenience in summarizing, 
but only m the cases of the haemolytic streptococci, staphylococci and Pr morgami have 
some kmetic experiments been earned out, the remainmg nilues are calculated from overall 
exchanges in experiments of the type of those of Tables 1-5 The expenmental arrangements 
were similar throughout, reactions were earned out anaerobically at pH 7 0 

in decomposition m an hour of about its omi weight of glutamme Comparable 
reactions were not found m the other organisms, and Pr morgami is seen to 
differ even from Pr vulgaris Rapid glutaminase action has also been observed 
in strams of Clostridium welchii (ICrebs, 1948) It was easy to separate the 
glutammase of Pr morgami m cell-free form 

The glutammase of Pr morgami is cliaractenstically distinct from the 
sj'stem m the exacting haemolji;ic streptococci, which decomposes glutamme 
to glutamic acid and NHj durmg glycolysis (McRvam, 1946a,b) In this 
sj stem extracts capable of hydrolysis of glutamme v ere not obtained (Mcllwain 
et al 1948), and it is possible that the true substrate of the streptococcal 
enzjTne might not be glutamme, or that the reaction might be a phosphorolysis 
rather than hvdrolj sis Precise evidence is therefore required before the term 
‘ glutammase ’ can be applied to such a sj stem, and before the relation betv ecn 
glutamme breakdown and gh colysis can be regarded as due only to pcrmc- 
abihU phenomena (cf Gale, 1947) Brcakdomi of glutamme, associated v ith 
gh coh sis, has now been demonstrated m } easts and in Pr vulgaris, so tliat its 
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occTUTence is independent of assimllatory mechanisms peculiar to Gram positive 
organisms 

One further feature of those haemolytic streptococci that are exacting 
toirards glutamine m groirth is their relative inertness towards ammonia, 
cither added as such or produced during metabolism Thus the ammonia 
formed from glutamine by these organisms, m the presence of glucose, was 
almost equivalent to the glutamme decomposed (3IcDwam, 1940a) whereas 
m the case of other organisms it was much less (Table 6) This was true even 
with Pr moTganw which produced such NH* very rapidly The equivalenoe, m 
streptococci may be a reflexion of the relative lack in these organisms of 
synthetic reactions using NH, The streptococci are nutritionally the most 
cxactmg of the organisms of Table 6, and require many preformed ammo- 
acids for their growth. 

I am greatly indebted to Mr D £. Hughes and Mrs M. Davidson for assistance 
during these investigations. The observations on actions of methionine derivatives on 
staphylococcal growth, and on microbiological detennination of the rate of nccinnu 
lation of syntheslxed glutamine in stapbj lococci were made by Idr J A. Hoper and 
I thank him for pennission to include them hem. 
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Recent Experiences In the Rapid Identification of 
Bacterium coli Type I 

By E F W JUCKENZIE E W TAYLOK and "W E GILBERT 

From the Labordorlea of the Metropoliian TValer Board London 

SUM&IAH'^ 'NVben using MacConLey broth medhnn incubated at 44 as a con 
ftrmatory test for Bacterium coll Tj^)© I positive reactlcma were produced by 
anacrobio lactose fermenting bacteria such as ClofirUhwn wclchiL The use of brilliant 
green bile broth instead of UaoConkey broth was completely successful in suppressing 
the growth of these organlams at 44 but did not Inflaence the growth of BacL coll 
Type I Two other coUforra organisms namel> Irregular Tj-pe n and Irregular 
Type VI were found to ferment lactose at 44 A rapid test for their difTcrentlation 
fium Bad co/t T^pe 1 has been based upon the ability of that organism to produce 
Indole at 44 whereas the two irregular types are Indole negative. Bj subculture of 
presumptive positive tubes In brilliant green bile broth and peptone water together 
with Incubation at 44 an estimation of the BacL eoU content of a water sample may 
be obtained within 48 hr of primary inoculation. 

It IS now over 40 years since Eijkman showed that coliform bacteria from the 
xntestmes of warm blooded ammals would grow and produce gas in glucose 
broth at a teraperature of 46® whereas coliforms from the mtestines of cold 
blooded animals would not. Modihcations of the Eijkman test with regard to 
medium and temperature have been mtroduced from tunc to tune and Wilson 
Twigg Wnght, Hendry Cowell A Moler (1085) considerably modified the test 
and recommended its use for the routine detection of Baderxum coli {Eschenchxa 
coh) in samples of milk. The test, as then modified consisted of fermentation of 
MacConkey broth at 44® m an accurate, thermostatically controlled water 
bath It has the advantage over the older platmg method of considerable 
saving in time, labom- and cost The method was advocated for the detection 
of BacU coll Type I m water analysis by Mackenzie L Hilton Sergeant (1988) 
and a further senes of comparative tests were reported by Mackenzie (1088) 
The test was officially recommended for routme work in the ilinistry of Health 
Report No 71 (1989) A full bibliography was published by Batty-Smith 
(1943) so that further reference to the literature is unnecessary 

Two procedures were suggested by Wilson et aL either the direct moculation of 
the milk sample mto tubes of media and incubation at 44® or the subculture 
of pnraary positive tubes from the first 34 hr at 87® into 3IacConkej medium 
and incubation of these at 44® It ivas foimd (Mackenzie, 1938) that for nver 
water samples where Bad colt was abundant, primarj incubation at 44® was 
as cEBcient as the subculture procedure but when stored, filtered and chlonn 
ated water samples were tested, the organisms, possibly because of attenuation 
were more frequently recovered by the subculture procedure than by direct 
inoculation at 44® Since in addition very large meubator baths would ha\’t: 
been needed to accommodate the groups of tubes to be setup for each test, the 
subculture procedure for the rapid identification of Bad colt wms chosen for 
our laboratories and first used as a routine test in September 1909 It Is now 
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being employed successfuUj'^ at many other laboratories in Great Britam and 
elsewhere 

This paper contams an account of experiences with the 44° test, and of 
certam modifications that have been mtroduced from time to time which have 
considerabl}’^ enhanced the value of the test as a means for the rapid identifi- 
cation of Bad coil Tj"pe I 


Waier-baih at 44° 

An essential feature of the test is that the medium should be mamtamed at 
the prescribed temperature with only veiy shght deviation If this cannot be 
done it is inadvisable to use the test In our laboratories an almost constant 
temperature has been achieved and a detailed description of the method used 
may therefore be of value 

A copper bath, provided with a closely fittmg hd,\ is set up m a thermo- 
statically controlled cupboard, the temperature of which is then regulated 
empincallv to mamtam the water m the bath at 44° The temperature is 
recorded bv a thermometer immersed m the bath which gives a continuous 
record on a chart situated outside the mcubator rooms The record mdicatcs 
whether any electrical breakdown has occurred during the period of incubation 
In addition, an accurate thermometer calibrated to l/50th of a degree Centi- 
grade is kept in the bath and is observed once dail} as a control The cupboard 
and bath are opened only twice daily, with precautions to prevent cold air 
entermg the apparatus, the cupboard bemg approached through a lieated and 
thermostatically controlled entrance chamber After inoculation, the tubes 
are rapidlj heated to 44° m a separate water-bath before being placed m the 
special incubator Fiftj* ml water, previous!} heated to 44°, are added to the 
bath periodically to replace that lost by evaporation tMien all these pre- 
cautions are obseived the temperature deviation never exceeds 0 1° 


Incubation in brilliant green bile broth at 44° 

In all the work recentli* described single strength MacConkey broth medium 
has been enlplo^ed for the test ’\^^len usmg this medium we noticed that 
subcultures from some presumptive positne tubes gaie ngorous gas produc- 
tion at 44° but onl} shght acidit}, the litmus indicator changing to purple 
rather than to red or orange, and that when these presumptn e positn c tubes 
were plated on MaeConkey agar no growth oecurred This reaction — ‘purple’ 
aciditv with good gas production — occurred most frequentl} in clilorinatcd 
waters and proied to be caused b} anaerobic lactose fermenting organisms 
Clostridium 'celcJni {Cl pcrfnngcns) and other bacteria of this group could be 
isolated from 5 to 10% of all positne tubes from samples of London waters, 
and it was the cultures from these tubes which ga^e the ‘purple’ reaction 
In an endea% our to oi ercome this disad% antage, tests were made of sc\ eral 
different media and two, brilliant green bile broth and standard MncConkc} 
broth vere selected for detailed comparison The brilliant green bile broth 
was made up as follows (Amencan Public Health Association, 1930) Bacto o\ 



Rapid identification of Bact coli Type I 199 

gall 80 g Bacto peptone, 15 g lactose, 15 g Bacto brilliant green (1 % w/v) 
2 mb, and distilled water to 1500 ml , the pH being adjusted to 7 2-7 4 
Each day, a number of presumptive positive tubes were selected from the 
routme work, particular care being taLen to include tubes Hkely to produce the 
* purple reaction in MacConkey broth at 44®, and subcultures made into single 
strength MacConkey broth and into single-strength brilliant green bile broth 
Both senes of tubes were incubated in the 44® water-bath for 24 hr Positive 
results in 3IacConkcy broth were mdicated by the production of acid and gas 
positive results m bnlhant green bile broth were mdicated by gas production 
but there was of course, no change m colour as occurs m MacConkcj broths 
Occasionally gas production was slight in brilliant green bile broth, and could 
be demonstrated only by sharply tapping the tube with a ruler or picncil 
Cultures exhibiting any degree of gas production in this medmm however 
shght almost mvanably proved to contain BacL coh T}pe I In all 1410 tubes 
positive m the presumptive colifocm test were tested m this way Table 1 shows 
the number of positive reactions obtamed witli each medium and the number 
which was subsequently proved to have been doe to Bad cch Type I (acid 
and gas m lactose mdole positive, no growth m citrate, methyl red test 
positive, Voges Proskaucr test negative and 44® test positive) 

Tabic 1 Compertson of reaiiUt of subculture of 1410 primary positive euUures 
tulo brxlUant green bile broth and MacConkey broth ai 44® 

No of rubcoHuns 

reacdog No of poddv*e rabenitum 

* posIUvely yielding Bod cell 

ot 44 Typ« I 

BlncCookey broth 431 814(72 8%) 

Brllllaot green bUe broth 810 318 (03 1 %) 

Brilliant green bile broth was markedly superior to MacConkcj broth for 
conflrmation of Bflri co/i Tjpe I at 44 and was adopted ns tlie routme medium 
on 1 June 1941 Thousands of positive lubes have since been plated and the 
organisms responsible for the positive reactions identified- In no case has a 
positive reaction been found to be due to on anaerobic lactose fermenting 
bactemim 

hreguJar coliform types grmmng at 44 

Beside Bad coh Type I, two other coliform types can grow at 44® namelv 
Irr^ulnr Type XT and Irr^fular Type Their pnmniy habitat has not, 
however been established as faccnl 

Irregular Type II Its reactions arc acid and gas in lactose, mdolc negative, 
no growth m citmtc, methyl red test positive, Voges Proskaucr test negative 
44 test positive. 

It IS an mdole negative variet) of Bad colt Tj'pe I and is classified by 
Wilson ri a? (1085) as Irr^:ulArTvpc 11 Its frequenc> m himinn faeces is Ion 
For example, from a senes of 780 specimens from apparently healthy Individuals 
ezammed by the authors durmg routine examinations for typhoid carriers 
Irregular Type H was found m only 20 (2 0%) Comparative figures for 
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Intermediates {EscJienchta freundn) and Bacterium aerogenes {Aerobader 
aerogenes) were 80 (3 8 %) and 8 (1 0 %) respectively 

Unfortunately, tlie majority of the strains from human excrement were 
isolated durmg the war when cncumstances precluded a detailed study of all 
of them A special study of sixty-four strams of Irregular Type II has, 
however, been made, fifty-nme isolated from water and five from faeces The 
cultures were mamtamed for 6 years by plating alternately on nutnent 
gelatme and agar media at mtervals of 2-3 months From time to time the 
reactions of the strams were re-exammed, with the following results (Table 2): 
(1) all reactions remamed constant for the whole 6 years, except mdole 
production, (2) a high proportion of the strams isolated from water became 
mdole positive, (3) none of the faecal strains became indole positive 

Table 2 Acquisition of power to produce mdole by 
Bactenum coh Irregular Type II 

No becoming indole 

No Source positive 

59 Water 21 (85 6 %) 

5 Faeces 0 

Length of time before change took place 
No Time 

13 Within 12 months 

6 1-2 years 

2 8-5 years 

1 

Each of these mutating strams was carefully investigated, and in all oases 
it was found that an mdole negative strain produced a mixture of mdole 
positive and mdole negative colonies on subculture, the former breeding true 
mdole positives on further subculture, whilst the latter agam gave off a 
mixture of mdole positive and negative varieties Table 8 illustrates a typical 
experience, the stram was plated out and thnty colonies were subculturcd, 
each mto a large tube of peptone water which v as tested for mdole at mtervals 
It wiU be seen that one single-colony stram remained obstinately mdole 
negative, but after several subcultures over a year, a peptone water sub- 
culture from the stock agar slope gave a positive mdole reaction, mdicatmg 
that mutation was still taking place 

Table 3 Indole production at 87“ in peptone water subcultures of thirty single 
colonies of a strain (^Bacterium coh Irregular Type II 
Days 2 4 0 8 10 14 21 28 

Number of posltl^e reactions 1/30 2/30 10/30 17/30 10/30 21/80 27/30 29/30 

m thirt> subcultures 

When this cohform tj-pe mutates to an mdole positive variety' it is in- 
distmguishable from Bad coh Tj pe I, and there seem, therefore, good grounds 
for considenng it as a faecal U^ie On the other hand, no mutation vas 
obser\ ed m an^ of the fi\ e strams actuall} isolated from faeces The number 
examined is admittedh small, and more vork is required on these intestinal 
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atrams Another new la that the mutating apecimens isolated from water are 
attenuated Bad colt Type I strains which revert to their true reactions undo- 
better environmental conditions If such is the case, then again Irregular 
Type U should be considered as a true faecal tj-pe- A somewhat paradoxical 
situation thus arises. Irregular Type II, when isolated from water, may 
mutate when subcultured for a suflBciently long period, and become mdistm 
gmshable from Bad eoh Type L An oiganiam producing the same ongmal 
reactions to all commonly used tests, when isolated from the animal mtestme, 
has retamed the characteristic which distingmshes it from Biict coH Type L 
From this it might be argued that Irregular Type H isolated from \\ater is 
a typical faecal BacL colt which, by attenuation, has lost its power to produce 
mdole, whereas the same organism, when isolated from human excrement, does 
not fit mto the classification of faecal colifonns Any division of the coliform 
bactena mto faecal and non faecal types must, however depend not onl} 
upon biological reactions but upon the frequency with which each type can be 
isolated from the mtestmea of warm blooded anirpals, making due allowance 
for the undoubted fact that typically non faecal cohfonns may be foimd m 
excrement through accidental ingestion with foods, and typically faecal 
cohfonns are frequently found outside the mtestme as a result of contamina 
tion with excrement 

Table 4 shows coliforra types from filtered and chlorinated water and how 
seldom Irregular Type TI xs isolated* Its classification is, therefore, of academic 
mterest rather than of practcal importance m water analysis 


Table 4 (a) Frequency of ttoiaiwn of edform types from 
filtered and chlorinated water 
Number of samplci 15,170 

Number containing coUformf f2 7 %) 

Number containing Barf, erf/ Type I *35(1-4%) 

(6) Clauxjication of the coUform types tsolaied 

CoUIonn typei Iwlated i f ss-fl 

BacL aU Type 1 2IS(S!-fl%) 

Inrgular Typo 1 
Irregoiar Type H 
BaeL colt Ty^ II 
Intermediates 


Bod atrogmet 
Irregdler Type VI 


10 (2-4%) 
4 (0 0 %) 

a (12%) 

M(20-3%j 
ea(i4-0%) 
w (7-3%) 


Irregular Type VI The other cohfotm organum which grrei a itrai^ 
reaction at *4 has othenme all the attributes of Sad aerogmes n^dy acid 
gas m lactose, indole negative growth m citrate, methyl red negative, 

^oges-Proskaner positive. , , 

Tills organism u rarely found m faeces m England, oecu^ oidy twice m 
the senes of 780 examinations mentioned above. It is most frequen j iw 
from water samples collected from new or . 

(WhisUn i. Taylor, 19«) The soinee m these eases has been to j^utc 

yam used as a jointmg material m mams and as a pacUng m 

Tof this reason it has been named the yam organism but is Irregular 
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Type VI m Wilson’s classification of cokforms It has also been isolated fi:om 
decaying wood> for example, a colifonn count of 16/ml was obtamed from a 
sample of well water which had been negative for cohform bacteria for some 
months previously All primary tubes gave a positive confirmatory 44° test 
and Irregular Type VI was isolated m pure cultiue Investigation ultimately 
traced the origm of the infection to decaymg wood m the adits of the well, 
from which material the t3>pe was freely cultured 

Irregular Type VI is much more common m India, bemg isolated frequently 
from stools and for that reason the 44° test has not gamed favour there 
(Raghavachari & Iyer, 1989, Boizot, 1941) Information kmdly supplied by 
dealers m yam packmg is to the effect that much of the jute fibre is imported 
from Calcutta and is then spun and made up m this country Irregular 
Type VI IS constantly found m this material and it seems highly probable that 
these orgamsms are imported m the jute, and that there is sufiicient moisture 
on the fibre to keep the orgamsms alive They survive the manufactiue into 
yam and, under the favourable temperature conditions ruling during the 
summer months m this country, the organisms multiply m the yam and on 
appearing m water samples are responsible for failures of the 44° test as an 
indicator of Bad coli Type I similar to those reported from India 

This cohform orgamsm is capable of surviving for long periods and multi- 
pljung m jute, and the use in waterworks of jute yam or other materials 
mfected with it is to be deprecated, otherwise water supplies are likely to be 
condemned owmg to its presence VTien Irregular Tjqie is suspected as 
being the cause of a positive reaction to the 44° test it is necessary to plate 
out and type the organism fully before an opinion can be given on the safety 
of the water This procedure requires 5 days and causes much unnecessary 
delay 

The differential value of indole produdion at 44° 

Production of indole is characteristic of Bad coh Tjqie I and is shared only 
by four other coliform organisms, namely, Irregular Tjqics I and VII, Inter- 
mediate Tjqie II and Bad aerogenes Tjqie II On the other liand, these 
orgamsms differ from Bad coh Type I in that they are incapable of fermenting 
lactose at 44° Again, of the three cohform organisms that arc able to ferment 
lactose at 44°, only one, namely Bad coh Type I, produces mdole It therefore 
appeared that, if Bad coh Type I were capable of mdole production at 44° in 
pure and m mixed culture, then a rapid mode of differentiation was available 
Accordingly several cultures were tested for mdole production m the ivatcr- 
bath at 44° (Table 5) 

AH Bad coh Tj^pe I strains produced mdole at 44°, and all intermediate and 
aerogenes strains failed to do so Six of the sci enteen Irregular Tjqic I strains 
produced mdole at 44°, and it is known tliat four of these vere isolated from 
stools Thus, bj inoculating from a primary positive tube into brilliant green 
bile broth and a tube of peptone water for mdole production and incubating 
both at 44° for 24 lir , the resulting reactions would indicate Bad colt T\pe I> 
or other cohform bacteria as shown m Table C 
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An anomalcnis result would occur if there were a mixture of Irregular Type VI 
and certam strains of Irregular Type L Such a combination, however would 
be extremely rare. 

In an endeavour to ascertam whether small numbers of Bad colt can be 
detected by mdole formation at 44® even when growing in competition with 
Irregular Tj’pe VI a few expenmenU were devised of which the following is 

Table 5 Indole produciion ai 44® by vartons col\form type* 

Strains pitxluolng 


Collfonn type 

No of fftralot 

indole at 

or* 44 

Strains pTodadng gas 
> In brilliant green bQe 
broth at 44 

Bad coil Type I 

50 

50 

50 

60 

Irregular Type I 

IT 

17 

6 

0 

Intermediate Type II 

12 

12 

0 

0 

Bad, aerogena Type IT 

10 

10 

0 

0 


Table 6 Differertiuilwn of colform types by gas production vi brilliant 
green bile broth at 44 and tndole prvduciton at 44® 

Gu In brilliant green Indole pit>duotkm 


bQe broth at 44 

at 44 


+ 

+ 

Bad, toll Type I 



firregular Type 11 

+ 

0 

\Irn5gulaT Type VI 

0 

+ 

Other eoUfonns 

0 

0 

Other coUfoTTDt 


an example. A senes of seven tubes of brilliant green bile broth and seven of 
peptone water were each moculated with about sixteen viable Bad, colt 
Type I and with a volume of suspensfon of frregular Type VI sufflexent to give 
a concentration in the different tubes varying from 150 to 150 000 organisms. 
The numbers of organisms m the mocula were estimated by MacConkey plate 
coimts Following 24 hr incubation at 44® all the peptone water tubes were 
positive by the indole test and all bnUiant green bile broth tubes showed gas 
production It was to be expected that the brilliant green bDe broth tubes 
would develop gas with either organism bat the presence of Bad, colt Type I 
was demonstrated by the mdole test even m os low an imtial ratio as about 
1 10 000 

This experiment indicates the sensitivity of the 44® mdole test for Bad coli 
Type I even In the presence of relatively large numbers of non typical cohform 
organisms 

CONCLUSIONS 

A simple procedure lias been perfected to differentiate Irregular Type n and 
Irregular Type VT from Bad colt Type I A tube of brilliant green bile broth 
and a tube of peptone water are moculated from a positive IVIncCohkcy broth 
tube, Botli tubes arc then incubated for 24 hr in a specially controlled 44® 
water bath At the end of this time the brilliant green bile broth tube is read 
for gas production and the peptone water tube is tested for Indole A positive 
result from each test mdicates the presence of Bad eoh Type I 
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This modified version of the 44° test for the rapid identification of Bad coh 
Type I has several advantages over existmg tests It is, for all practical 
purposes, specific for Bact coh Type I It enables the water bacteriologist to 
give an accurate estimate of the Bact coh content of water withm 2 days of 
drawmg a sample as against 5 days by the platmg method There is also a 
saving m media, apparatus and labour required for isolation and differential 
tests The tune saved makes it possible to examme more samples each day so 
that water supplies and treatment plants can be more closely supervised and 
the punty of the supply more efficiently controlled 

The apphcation of the method, outlmed above, to water samples in the 
Tropics would be worthy of trial in view of adverse reports on the 44° fermenta- 
tion test emanating from certam eastern countnes 
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The Influence of Antibacterial Substances on the 
Interaction of Bacteria and Bacteriophages 

1 The laflaeace of Penicillin 
By W J ELFORD 

National JmtUute for Medical Rctearch^ Ilampstcad, London 

SUMMARY PcnlcUUn In concentrationa up to 100 unlts/ml In broth or synthetic 
media Ima no demonitrabl® effect, after 20 hr Incubation at ST“ on the activities of 
Staphylococcus K phage, CoU phage C80 Coil-dysentery phage S 18 a Streptococcal 
phage and a BaefUiu tubUlu phage. 

The simultaneous action of penicillin and phage on young cultures o{ Staphylococcus 
aitreus (Ocford) In broth or synthetic medium at 87* produces under certain 
conditions a more mpld lysis than occurs In the presence of penicillin or phage alone. 

The phenomenon of accelerated lyals through the joint action of penicillin and 
phage occurs with other organisms besides Slapk. aurats e.g B sttlHillM and 
Streptococcus pyogenes Group C, differing from that with Staph aureus onlj in 
degree. 

Penicillin does not affect the adsorption of phage by the organisms. ^Vben the 
amount of antibiotic is suCBdent to ioterfcTe adverse!} with the growth of the cell 
then the multiplication of phage decreases It Is suggested that certain balanced 
IntracelKtlar ret^ons of metaboUim are disturbed by the action of penldTlin, and as 
a result, Intermediates essential to growth both of cell and phage oeaso to be av'allable 

A phage-lohlbltlng substance was demonstrable in certain instances when Staph 
aureus (Oxford) coltores were lysed by pcnldllin 

Bacteriophages or bactenai viruses os they arc now frequently called are 
parasites requiring the environment prevoiUng within the activel} multipljdng 
host cell for their continued propagation. There are certain well-defined 
chemicals and also substances of biological ongm antibiotics whose chemical 
structure is not m ever} case known but all of which in varying degree, 
interfere adverselj >nth the norma! metabobsm of the bacterial cell arresting 
growth and often causing death- Studies of the combined action of such 
antibactenal agents and phages on bactena, therefore, may furnish evidence 
as to whether a particular substance interferes with the intracellular reactions 
prerequisite for the multiplication of the respective bactenophages The 
chemical nature of the interfering substances being known, some mdlcatlon 
may be gleaned of the type of reaction involved and of the underiymg 
processes determining both bacterial and virus multiplication. It was with 
such possibilities m mind that the present studies were imtiated. 

Its effecti^ encss as an antibiotic against a wide range of organisms made 
penicillin an obvious choice for earij investigation. It is now available in 
highly purified form notably os the ciyatalbnc sodium or calcium salt 
(Report, 1045) The present paper describes a detailed stud} of the influence 
of penicillin upon the interaction of Staphylococcus aureus and an anti staph} 
lococcus phage. Its influence on some other organisms and their respective 
phages has been studied, but in less detafl. 
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materials and methods 

Orgamsvi The Oxford ‘H’ strain of Siaph aurem, widely employed in 
peniciUm studies m recent years, has been used, and the S3K strain originally 
obtamed from Dr A P ICnieger of the University of California Both strains 
are readily susceptible to Staph K phage, but the results recorded here refer to 
the Oxford stram unless otherwise stated The culture media were papaui 
broth, tryptic digest broth (Hartley, 1922) and the defined medium of Fildes 
& Richardson (1987) The grovdh curves have been determmed both by the 
plate coimt of ^^able organisms and by the combmed visual and photoelectric 
estimation of the turbidities of cultures 
Bacteriophage The anti-staphylococcus bactenophage Staph K, also 
oiiginall}’^ obtamed from Dr ICrueger, has been used tliroughout Determina- 
tion of phage concentrations have been made b}' the plaque-count method, 
emplojong 1 % nutnent agar 

Pemcilhn I am much mdebted to ni)'^ colleague, ]\Ir P Bruce Wliite, for 
fumishmg accurately standardized solutions of pemeiUm m phosphate buffer 
at pH 7 The concentrations of peniciUm are expressed m terms of international 
units/ml The early experiments were made mth solutions of the calcium 
salt from commercial preparations of comparatn ely low grade, 150 u /mg 
Later, solutions of the crystallized sodium salt of penicillm G — potency 
1600 u /mg — were used The data presented, unless othennse stated, are for 
the sodium salt The solutions were sterilized by filtration through gradocol 
membranes of porosit)’’ 0 4-0 5 p Pemcilhn solutions may be filtered tlirough 
such membranes without detectable loss of activity 

Abbreviations used Staph O— Staphylococcus aureus, Oxford strain, 
[»y]o=imtial concentration of staphylococci m orgamsms/ml , P= penicillm, 
[P] = concentration of pemciUm u /ml , [^]Q=mitiaI concentration of bacterio- 
phage m particles/ml , ^ = bacteriophage, ^/=phage-inhibitor 

THE ACTION OF PENICILLIN AND PHAGE ON 
STAPHYLOCOCCUS AUREUS 

The action of pemcilhn on Sta})h 0 

Flemmg (1929), m his original paper on the effect of penicillin on a culture of 
Staph aureus, states ‘the staphylococcus colonies became transparent and 
were obnousl}’^ undergoing lysis’ This obsenmtion has since been sujiplc* 
mented by numerous studies of the action of penicillin under varied conditions, 
and manj of the published facts Iiavc been confirmed m the course of tlic 
present work All experiments vere made vith the stapliylococcus culture in 
its logaritlunic phase of growth, smee not only is this most favourable for tlic 
bacteriophage but penicillm also has been found to exert its action most 
strikmgh on the multiplymg organism (Bigger, 1944, Hobb) lA Davson, 
19440, b, Todd, 1945fl, Fisher, 1946) On the addition of an appropriate 
amount, say 0 1 u /ml of penicillin, to such a culture the organisms appear to 
multiply normall} for a short period, then there is a decrease m the ratf of 
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mcreasa of viable organism, soon followed bj a decrease in tbe viable count, 
which falls off rapidlj The tiirbidity increases less rapidly soon after the 
viable count has begun to fall and finally decreases as lysis commences. 
This continues until the culture is relatively clear only opalescent. The 
quantitative aspect of the action of pcnicillm m relation to its concentration 
IS clearlj shown in Fig 8 The findings confirm those of Rantz A. Kirby (1044) 
Nitti, Fossaert &; Faguet (1044) Lee, Foley A Epstein (1944) and Todd 
(1045a) amongst others Optical studies with the ultra violet light microscope 
and also the electron microscope, supplementing the observations recorded in 
this paper (Smiles Welch A Elford, 1048) conclusively demonstrate in agree- 
ment with Gardner (1040) Smith A Hay (1042) and Fisher (1040) that the 
orgamsm quickly swells m the presence of pemedlin to almost twice its normal 
size before lysis 

The action of phage on Sieph O 

Staph aiireua Oxford was more readily adapted to grow m synthetic 
medium than the S8K strain. The course of phage action on this organism was 
very similar to that observed on S8K, the cultures m broth and synthetic 
media bemg Ij'sed completely The phage titrea of such lysed cultures were 
Invanablj of Uie order 5 x 10* partides/ral 

The action of pentaUin on Staph K phage 

Known concentrations of pemciUm m (o) 0 0 ml papain broth, and (6) 0 9 mh 
defined medium each received 0 1 mb of a I/lOO dilution, in the corre- 
spondmg medium of Staph K phage (0 7 /i, membrane filtrate of a lysed 
culture of Staph, O) The appropnate controls without penicillm were included 
and all systems in 8 x f in- tubes with rubber caps were meubated for 20 hr 
at 87® Then 1/10 000 dilutions were made m salme broth and plated m tnpli 
cate with Staph 0 The results of a number of such experiments showed that 
peniciflin, m concentrations up to 100 u /ml in broth or synthetic medium, and 
in one test up to 400 u /ml in broth was without significant effect on Staph, K 
phage. This agrees with the findings of Netcr A Clark (1944) Himmelweit 
(1046) Jones (1046), Nicollc A Faguet (1947) and Rountree (1947) 

The cowhined action of pentetllin and phage on Staph 0 

The first series of experiments made m 1944 demonstrated that young 
cultures of Staph, O in broth or synthetic medium were lyied more rapidly 
by the combmed action of j>cnicfllin and phage than were control cultures 
containing either penicillm or phage alone The observTitions in a typical 
experiment are given in Table 1 The accelerated lysis was so pronounced that 
a detailed study was imdcrtaken, Jleanwhilc, similar observations were mde- 
pcndcntly recorded by Hunmelwcit (1046) and confirmed and extended by 
NicoITc A Faguet (1047) 

(i) The effect of time of contact between Staph 0 and pentctUin before the 
addition of phage, on the Umes ofjyeie and yield of phage Fiv'c mb amoimts of 

14 
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Staph 0 cultiire m the logarithmic phase of gro'n'tb in papam broth at 87° 
were inoculated with 0 1 ml pemciUm solution to give [P]=0 1 After chosen 
periods of incubation 0 1 ml phage filtrate was added to each system as 
indicated m Table 2, which gives the phage concentrations after 1, 3 and 24 hr 
Fig 1 presents the turbidity data from photoelectric measurements m a 



Pig 1 Turbidity/bme cun’ES for SlapA aureus broth cultures luocuJatcd with Staph K 
phage after different penods of treatment with 0 1 u /ml pcmcillin at 37° 
[Staph h=4 4x lO’/ml Mo = l 5xl0’/ml Pj^ „ j 5 =time (mm ) culture bad been 
meubated ■mth penicillin before infection by phage 

Similar experiment Clearly, the phenomenon of accelerated lysis byP+^^i 
although still present, becomes less pronounced as the initial contact wth P 
IS extended The yield of phage decreases progressively with the time of 
exposure of Staph O to penicillm It is also of importance to note the 
maximum let el of turbidit} reached by the t arious systems before lysis sets in 
(n) The action .of phage on a pentalUn-resisiant variant of Staph 0 ^ 
A pemciliin-resistant (p n ) \arjant of Staph O was trained to grow m the 
presence of 40 u /ml pemcillm h\ Mr J Bhgh This resistant variant grew 
more slowh and the colomes on agar were smaller and less opaque than those 



Table 1 Tht combined action 0/ 1 4 x 10» phage partteleelml and varying quanitUes of 
pentetUin on Staph 0 in popatn broth at 87® 

Staple 0 Tarbkiltle* at tiroei (mtn ) 
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of the normal sensitive orgamsm A troth culture of this p n variant vas 
completely lysed by Staph K phage at 87° Demerec (1945) has reported a 
sunilar finding m his experiments with peniciUm-resistant mutants of Slaph 
aureus When our phage was titrated against p r Staph on 1% agar the plaques 
were defimtely larger (0 5—1 mm ) than those usually developed against 
Staph O (0 1—0 25 mm ) The p e Staph would appear to be abnormally 
sensitive to the phage, but the more probable explanation hes m the rate of 
propagation of the phage relative to the leisurely growth characteristic of this 
p B variant (cf the mteipretation of influence of pemciUm on plaque size in 
next paragraph) 

{ni) Phage plated with staphijlococct on agar containing pemcilhn Staph K 
phage was plated with Staph O on 1 % nutrient agar containing known 
concentrations of peniciUm [PJ = 0 1 completely inhibited the organism The 
combmed action of phage and pemcilhn resulted, imder certam conditions — 
[P] = 0 01 — m the formation of larger plaques, 0 5-1 0 mm , than normally 
observed It appears that, as observed m broth systems, pemcillin retards the 
active growth of the staphylococci, and m effect, enhances the zone of influence 
of each phage particle so that cells become infected and lysed over a greater 
area before their age and concentration arrest the process 

(iv) The influence of the initial concentration of staphylococci on the outcome 
of the combined action of pemcilhn and phage Staph O in the logarithmic 
phase of growth in papain broth at 87® was diluted to give a serial range of 
concentrations 10®-10®/nil Four experimental systems w ere prepared for each 
[S3o, [^]o = 8 10^ and [P] = l m all cases The results are shown graphically in 

Fig 2 This tjqie of experiment provided much information First, there is the 
quantitative aspect of the action of a given [P] on different Secondly, the 
yield of phage from a standard m relation to various [SJg is shown, and 
thirdly, our chief mterest, the yield of phage and the incidence of lysis when 
the same [P] and [f] act together on different 

IMien [.S^o is 10® the growi;h is poor, presumably competition for metabolites 
IS so great that the orgamsras are unable to multiply many times ^Vhen [P] = 1 
there is only a slight decrease m viable count, suggestmg that either the anti- 
biotic IS deterred through the sluggish growdh of the organisms, or, that the 
amoimt of pemciUm is inadequate The curvns for the growth of Staph 0 alone 
and for Staph O plus pemcdlm demonstrate very clearlj' that penicillin acts 
with greatest effect on cultures m which the organisms are growing frcclj 
Conditions most favourable for the multiplication of phage obtain when the 
number of actively growing organisms is greatest The multiplication of pliagc 
m the presence of penicillm is diminished according to the extent to w hich tlic 
antibiotic has mterfered wth the actmtj of the organisms The form of the 
curves showrmg the falling off of phage activate with time suggests that a 
phage-mhibitmg substance ma> be present (sec below ) 

In suramar}, therefore, the degree m which affects the outcome of the 
combmed action of P and is a function of the \ntality of the culture within 
the first few hours of incubation Under the conditions of our experiment, i c 
for [P] = l and y 10", lysis is accelerated most in the zone = 
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It may be noted that in these conditions each oi^ganism would be infected bj 
a Single particle (Delbrflck & Luna 1942) In more concentrated colturcs the 
growth of Staph O is less prolific and in consequence the lytic potency of P 
and IS reduced whereas for the lower values of [iSJo when multiple infection 
by ^ can occur all sensitive organisms are rapidly eliminated -even by <f> alone. 



Tkn* (hr) 


Fig 2. Influence of IntUiil ooaoentratkm of Staph, aurau on tlie outcome of tbe Intemotioa 
with penlofllhi and ph»ge- o '"Staph, control, x ■•Staph- + penicillin, 0"Staph -t- 
phage, Y a Staph. -I- phiige -f- penlcfllln. a./niL 

(r) TTie influence of the concentration of penicillin Tho mfluence of [P] has 
been investigated in both broth and delved medium -with similar results 
The curves m Fig 8 show how for a given [ JJ, and [^1, the development of 
the culture can be influenced by the presence of penicillm in concentrations 
ranging from 40 to 0-0004 u./ml Little growth of the staphylococci occurs 
when [P]— 0 4 to 40 and visible lysis sets in sooner than in the control 
(Staph 0+P) or (Staph 0+^) systems The phage titre mcreases slightlj 
durmg the flrst hour but, thereafter decreases ns the action of pemcillin 
combmes to lyse the organisms. A notable mcrease m the development of 
phage occurs at [P] = 0-04 where the mihnl slope of the Staph 0 growth 
curve approximates that of tbe controL Howet er it is not until the growth 
curve of the organism approaches even more closely that of the control that 
the yield of phage approaches that m the culture containing no penicillin 
Even with [P] as low ns (M)004 a broth culture of staphylococci is clearer m 
4 hr than m the absence of pemcillln, although otherwise the curves are 
much alike. 
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With a low-grade pemcilUn gave evidence favouring the former of these inter 
prctations since the presence of was readily demonstrated m 0 7 /i, mem 
brane ftitiates of the staphylococcus culture lysed by pemciUnu The Wtxation 
end pomt for ^7 was close to that of the phage itself — ^namelj 100 It was 
found, furthermore, that the (f>I could be precipitated from the filtrate at 0 by 
addmg 60 % ethanol, and this provided a means for its partial purification and 
concentration. A preparation concentrated m this way showed an mterestmg 

Table 8 The mulitpUcaium of phage in Siaph. 0 cultures ([5]d" 8 x 10*) 
wUh and anihout 1 u jml pentctUin for vartoue values of[4>]o 
Ratio of final to initial wmcentratkina of phage after 




8 hr 

34 hr 


Wk 

■Without peniefliln Whh pcnlofllin 

Wlthoqt penldHio 

Whh penieflUn 

8xl0* 

28 

7 

88 000 

18 

8x10* 

80 

10 

780 

6 

8x10’ 

82 

0 

IS 

4-7 

SxlO* 

8 

1 8 

1 0 

0-4 


dilution phenomenon. The undiluted fluid exhibited only a shght ^inhibiting 
power but "v^en diluted 10- or 100-fold it proved strongly inhibiting for ^ 
suggesting that the medium might contain a substance which blocked the 
action of <^I substance This was found to be the case, smoe by treating the 
papam broth with 60 % alcohol a preapitate was formed which when taken 
up m water was found to possess the property of blocking the action of ^ In 
experiments, however with purified penicillm acting on the staphylococci m 
papam broth or defined medium though the culture was lysed no clear 
evidence of the presence of ^7 in 0 7 p. membrane filtrates could be obtained 
although the opalescent unfiltercd liquid was strongly inhibitory Two 
possible explanations of this change in behaviour were considered The loW 
grade pemciUm might have contained as an impunty an enzyme which, m 
combination with pcmciDm facilitated the more complete dismtegration of 
the cell structure tba-Ti can be achieved by pemcillm alone Unfortunately the 
batch of penicillin with which the early experiments were made was exhausted 
before the matter could be thoroughly mvestigated. An alternative explana 
tion may be sought m mutation of the organism yielding a variant with altered 
suBceptibihty to pcmcillin Evidence that mutation can occur has been met 
twice during the studies with St^h. O m broth and synthetic medium colonies 
manifested by their subnorraeJ sixe (sc) accompanying normal sized colonies 
On subcultunng the b c variant wos foimd to be more sensitive to penicillm 
and also yielded larger plaques with Staph. K phage — 1 mm as against the 
usual 0 25 mm This variant reverted after a period to the normal colony type, 
and the phage plaques likewise reverted to normal small sire. The a c. variant 
lysed by penioillm and then filtered through 07 p membrane j lelded a filtrate 
Uiat reduced the ^titre by 76 % during overnight incubation at 87® A phage- 
inhihitang substance has been extracted from autolysed staphylococci bj 
Levine A Fnsch (1082) and Gough A Burnet (198-t) and also from staphj 
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lococci digested with trypsin by Freeman (1937) Burnet & Gough concluded 
that the inhibitmg substance was a complex polysacchande It is interestm<T 
that filtration mdicated the size of the inhibitmg substance liberated by 
pemcilhn to be of the same order as that of the phage itself 

(vi) The influence of the imiial concentrations of phage The phenomenon of 
accelerated lysis of Staph 0 cultures through the jomt action of penicillin and 
bacteriophage was most clearly manifested withm a range of [^]o = 10^ to 10® 
when [<S]o = 10’ to 10®, i e for single particle infection of organism by phage 
Where multiple infection could occur, the times of lysis with and 

without peniciUm did not differ significantly On the other side of the optimum 
zone the phage can infect initially only a fraction -of all organisms, and hence 
lysis IS much delayed^ 

The profound effect of peniciUm on the multiplication of the phage is ii ell 
illustrated by the ratio of-the concentration of phage after S and 24 lir to the 
mitial phage concentration (Table 3) It is also interesting to note that m 
addition to the mhibition of phage following lysis of staphylococci when 
peniciUm is present, so also, for high concentrations of phage alone, -w hen lysis 
is complete, partial mactivation of phage can apparently occur 

THE EFFECT OF PENICDLLIN ON THE ADSORPTION OF 
PHAGE ON STAPHYLOCOCCI 

Adsorption experiments were made in Hartley’s broth and defined medium, 
and m each instance there ii\ as no significant difference bet'w een the amount 
of phage adsorbed by normal staphylococci and orgomsms that had been 
exposed to the action of peniciUm in concentrations up to 5 u /ml for periods 
up to 2 hr It is imlikely, therefore, that penicillin interferes with the initial 
step in process of infection of staphylococci by phage Rountree (1947) found 
that staphylococci after 3 hr contact with 5 u /ml penicillin at 37° but not 
lysed by it, adsorb phage as readily as normal staphylococci 

Inactivation of pemcilhn dy cysteine 

It was confirmed that cjsteine in appropriate concentration inactivates 
penicillin at pH 6 8-7 0 PeniciUm so treated no longer affects the lysis of 
staphylococcal cultures in the presence of phage 

The fllierabiliiy of Staph K phage from culture lysed by the 
joint action of penicillin and phage 

The filtration end-pomt for phage from Staph O culture lysed bj penicillin 
plus phage was the same as for phage propagated m absence of penicillin, 
namely 100 mg 

The effect of penicillin on burst size 

The experimental procedure described by Delbruck Luna (10 12) vas used 
to ascertain whether pcniciUin has anj effect on (a) the latent period elapsing 
between the moment of infection and the liberation of phage follov mg 1} sis of 
the organism , and (b) the ‘burst size’ or, the n^ erage number of phage pnrtich s 
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liberated per infected ccIL The results are summarized m Table 4 and some 
typical step-wise growth curves are given in Fig 4 It will be seen that when 
[P]taO 1 or less, m a concentration known to be definitely inhibitory for the 
contmued growth of the staphylococci the process of infection and phage 

Table 4 Bunt ttzesfor Staph. O lyted by Staph K ^ 
mih and xoithout ptmeiUtn 

latent 

period Bant 


Medium 

(min.) 

rite 

[P] 




Remark! 

Hartley*! broth 

80 

47 

— 

2x10* 

1 

2xl0» 

2Dd riae after 86 min 

Hartley*! broth 

88 

52 

0*01 

2x10* 

1 

2xl0» 

2nd rite after 81 min. 

Hartley’s broth 

88 

54 

— 

2*75 X 10* 

1 

lxl0» 

2]xi rite after 88 min. 

Hartley ! broth 

85 

49 

0 1 

2 76 K 10* 

1 

lxl0» 

No 2Dd rise In hr 

Hartley ! broth 

88 

45 

— 

28x10* 

9 

2x10* 

2nd rise after 88 min. 

Hartley ! broth* 

84 

47 

0 1 

23x10* 

0 

2x10* 

Gradual rise after 40 min. 

Hartley*! broth 

40 

40 

— 

1-4x10* 

0-2x10* 

2Dd rise after 24 min. 

Bartley*! broth* 

87 

21 

2*0 

1-4x10* 

0*2x10* 

No 2nd rlie in 2 hr 

Synthetic 

65 

25 


5x10* 

I 

8x10^ 

2iid rise not Investigated 

Synthetic 

05 

28 

02 

6x10* 

1 

8xl0» 

— 

Synthetic 

00 

15 

05 

26x10* 

1 

8x10^ 

No 2nd rise in 4 hr 

Synthetic 

GO 


— 

5*8x10* 

1 

8xl0» 

2nd rise after 160 min. 


* PenicQUo present during Initial adforption 



Time (mift.) Time (min.) 

Fig 4. Step-wise growth otirves for Stapfau K pbage on SUjpk axtreus In 
broth, with and withtmt pe^Ulin 

multipbcation appears to proceed with bttlc if any departure from the normal 
course. The first abnormality noted as [P] is increased is the belated onset of 
the second step wise increment in pbage concentration and its eventual 
ehminationu Ultimately the average yield ofphage per infected cell is reduced, 
but the latent period is not appreciably alTected Clearly if all the cells arc 
infected initially their lysis would be expected to occur simultaneously m 
(Staph. and (Staph 0-|-P+^) systems. This lias been observed to be so 

when conditions of multiple infection prevail The general effect of penicfllm 
on the course of phage action is the same in broth and symthctic medium 
The mean generation time of Staph. O in defined medium was 40-45 min 
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compared with 22-25 mm m papain broth The corresponding latent periods of 
phage multiphcation were 60-65 min and 35-38 min , and the ‘burst swes’ 
25 and 48 respectively 

THE INFLUENCE OF PENICILLIN AND PHAGE ON ORGANISMS 
OTHER THAN STAPHYLOCOCCUS AUREUS 

The action of penicillin on other bacteriophages Tests similar to those described 
for Staph K phage were made with coliphage C36, a coh-dysentery phage S 13, 
a subtihs phage and a streptococcus phage Concentrations of penicillin up to 
100 u /ml in broth medium were without sigmficant action on these bacterio- 
phages, after 20 hr at 87° 

The combined action of penicillin and phage 

Bacillue siibtilis Tlie strain of B siibtihs and its phage were received tlirough 
the kmdness of Dr Wahl of the Pasteur Institute, Pans The phenomenon of 
accelerated lysis was readily demonstrable m young broth cultures of B subtihs 
at 37°, infected by phage m the presence of 10 u /ml penicillin 

Bact coll The stram of Bact coh used was partially inhibited when penicillin 
(100 u /ml ) was added to a young broth culture at 37° The onset of lysis m 
the presence of phage C36 and penicillin 100 u /ml was only very slightly 
earlier than that occurring with phage alone The quantitative estimation of 
viable organisms and phage confirmed that the penicillin was everting a 
definite antibacterial effect 

Shigella fexnen YOB (National Collection of Type Cultures) Penicillin 
deftmtely inhibited Shig fexnen Y 6R growing logarithmically m broth at 87° 
when the concentration of antibiotic reached 100 u /ml With [P] = 100 and 
S 13 phage there was no evidence of accelerated lysis Hon ever, the yield of 
phage was Ion, imdoubtedly a consequence of the antibiotic action everted by 
the penicillm 

Streptococcus pyogenes, Group C, type 7 Streptococcus C, type 7, growing 
actively m yeast-Lemco-broth at 37°, nas inliibitcd by 0 02 u /ml penicillin 
Accelerated lysis by penicillin plus phage was readily demonstrated Further, 
the onset of lysis nith (P+j>) ""as strikingly sharp The multiplication of ff> 
nas decidedly less in the presence of penicillin than in the control 

Thus, though the phenomenon of accelerated lysis by penicillin and phage 
appeared to be general for organisms readily susceptible to the antibiotic, 
there were differences of degree according to the organisms concerned 


DISCUSSION 

The most gcnerallj accepted ^ icw is that penicillin everts iLs antibiotic action 
b\ interfering, directh or mdircctlj, mth some essential reaction in the 
mctaliohsm of the cell Se\ ernl nTitcrs ha\ c suggested that penicillin modifies 
the pcrmcabihtv of the cell nail, and, in consequence, the assimilation of 
essential growth factors (Smith A Ha\, 1042) Recentlj Gale A, Ta\lor (10 JO) 
have shon-n tint penicillin does mfiucnce the assimilation of glutamic acid In 
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Staphylococcus aureus The upset of oxidation reduction balance within the 
cell has been considered by others to be the basis of the mode of action of 
penicxUm (Mulfe 1940 Krampitz, Green & Werkman, 1947 Dufircnoy & 
Pratt, 1947) The course of action of penicillin proceeds thus — arresting of 
growth -► loss of viabihty -+• final lysis The lytic Jihase has been attributed by 
Todd (1946!») and Fisher (1040) to the action of bacterial autolysin, which, 
when growth ceases, becomes exceptionally active- Now that our knowledge 
of the chemical nature of pemcillm is fairly complete, extended studies of the 
t} pe of reaction into which it can enter (e-g mtcrference with normal function 
of — SH groups) should eventually throw light on its interaction with the celL 
In contrast to pemcillm which la a relatively simple substance chemically, 
bacteriophage is much larger and more complex- The few phages so far sub 
mitted to analysis have been found to be nucleopro terns Essentially a bacterial 
parasite the phage finds conditions for its growth satisfied by the rntracellulor 
environment, but the precise requirements have not yet been eluoidatcd- 
Some intermediate m the cell s synthetic processes (nucleic acid metabolism?) 
may be also a substrate for which the phage actively competes As a result of 
infection by phage the cell generally succumbs and is finally lysed 

^Vhen a young culture of Staph aureus is attacked simultaneously by 
pemciDin and Staph. K bactenophage, it is lysed more rapidlj than when 
pemcillm or pliage acts alone. Certam conditions of infection are needed to 
ensure the read) demonstration of this striking effect. The concentration of 
the young culture should be lO’-lO® organisms/ml and the mitial concentra 
tion of phage such that most of the organisms become infected ^Vhen [^]„ >> [iS]o 
then almost all the cells will be infected by at least one phage particle and no 
appreciable acceleration of lysis is observed If however the dearmg of the 
culture IS dependent on at least two cycles of infection then the aecelemted 
lysis by is readily demonstrated. This suggests that the staptylococci 
which have been exposed to the action of pemcillm are more easily Ij’sed by 
phage than normally A phage-free ultra filtrate of a lysed Staph, O culture 
does not accelerate lysis of Staph O m the presence of pemcillm neither does 
heat inactivated ph^ The accelerated Ij sis is therefore the outcome of the 
combmed action of intact phage and pemcillm Detailed analysis of this joint 
action has shown that 

(i) The presence of pemcillm m concentrations far in excess of that in 
hibitory to cell growth and acting for periods longer than the mean generation 
time, docs not mlluencc the adsorption of phage by the cell This mdicates that 
the phage receptor groups arc not affected, and anj modification m the course 
of infection should be looked for m an altered rate of penetration and possible 
changes m the mtraccUular processes 

(ii) When pemcillm has seriously affected the groirth of the cell then the 
yield of phnge falls Tliia supports the hypothesis that phage is dependent upon 
some intmcellular mtermediatc as substrate m its own multiphcntion 

(ili) Cells adversely affected bj penicillin, 'while unable to support the normal 
rate of phage multiplication arc, nevertheless h’sed, perhaps even more 
rapidly than normally certamlj more abruptly 
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(iv) The determmation of growth curves for Staph K phage m cultxues of 
Staph 0, with and without the presence of pemciUm m different concentrations 
and acting for different periods, have shown that the hberation of phage from 
those organisms imtially infected occurs m bursts in all cases and after a 
constant latent period for given cultural conditions 

Pemcdlin at concentrations known to inhibit the continued growth of 
staph}dococci does not significantly affect the rate and degree of multiplication 
of phage withm the cells imtiaUy infected Strictly, inhibition and eventual 
loss of inability may mean that the cell is so affected that it cannot divide 
more than once or twice and thus is rendered incapable of forming a visible 
colony The fact that pemciUm does not modify the first step m the phage 
growth cunm is then not surprismg Pemcilhn m higher concentrations, hon - 
ever, does influence the yield of phage by each infected cell After it has acted 
on the cell for periods comparable with the latent period of phage multiplica- 
tion and mean generation tune of the orgamsms, then the step-wise hberation 
appears to be replaced by a gradual process and finally tliere is no evidence of 
phage increase Compared with the control, the yield of phage is verj'^ much 
reduced Here, maybe, the [P] is such that the synthesis of phage-precursor or 
essential substrate is rapidly retarded This interpretation accords with the 
obseiw'ations of Parker & Marsh (1946) on the lethal action of pemcillm on 
staphylococci In the (Staph O -fP-1-^) systems, eells not initially mfected by 
(j) are continuously under the influence of penicillin, w'hereas the corresponding 
cells m the control can multiply logaritlumcally Hence the actual amount of 
‘ Ijdic work ’ to be done by <f} is greater m the absence of pemcillm The obsen^cd 
more rapid clearing of a Staph O culture m (^-f P) systems than m systems 
where P or ^ acts alone, is attributable, therefore, to the follow^ng factors 

(1) Penicillin inhibits the growth of the organisms initially not mfectcd w ith 
phage so that at each stage lysis in the presence of penicillin produces a pro- 
portionall}’’ greater reduction in the turbiditj' 

(2) CcUs whose growth has been affected through the action of penicillin, 
while they no longer support the normal multiplication of phage are, 
nevertheless, equally susceptible to 1> sis 

(3) The l}i:ic potencies of penicillin and phage are supplementary 

REFERENCES 

Bigger, J W (1044) Treatment of staph3 lococcal infections with pcniciJJin b} 
intermittent sterilization Lancet, ii, 497 

Delbruck, M &- Luria, S E (1942) Interference between bnctcnal laruses 
I Interference between two bactenal \nruscs acting upon the same Jiost, and 
the mechanism of ^^^us gnwvth Arch Dwchem 1,111 
Dejcerec, 31 (1945) Production of staphiJococcus strains resistant to sanous 
concentrations of penicillin Proc iial Acad Set , If ash , 31, 10 
Dctrenoy, J &. Pr-vtt, R (1947) Cs-tochcmical mechanism of penicillin action 
I Oxidation-reduction levels J Bad 53, 05 < 

Fildes, P Richardson, G M (1937) The nutrition of Staphylococcus aureus, 
sulphur requirements Bnt J exp Path 18, 292 
risiruR, A M (1910) A studj on the mcclianism of action of pcnicilhn as shown 113 
its cfTect on bactenal morpholog3 J Bad 52, 539 



Pentctlhn and phage action 219 

Flejoko a. (1020) On tlie anUbacteilal action of cuHores of a Pemcillnnn vritli 
■pedal reference to tbdr use in the Isolation of B ii^flticnxne, Brit J exp Path. 
10 226 

Freeman M (1087) The phage inactivating agent in extracts of Staphylococcus 
avjtus Amt J exp Biol med. Set 16 221 
Gaee, E, F «LTateob,E.S (1046) Action of penicOIin on bacteria. Nature Lond 
146 887 

Gabdnkh, a. D (1040) Moipholc^col effects of penicillin on bacteria Nature 
Lond. 146 887 

Gouon G A- C. & Bdukct F M. (1034). The chemical nature of the phage- 
inactivating agent in bacterial extracts. J Path. Bad. 38 801 
Har tijiy P (1022) The value of Douglas a medium for the production of diphtheria 
toxin J Path Bad. 25 479 

HnumLWETr F (1045) Combined action of penicillin and bacteriophage on 
stapbylocoed Lancet U 104 

Hobby G X^. A. Dawbok U. H. (1944 a) Baoteriostatio action of penicillin on 
hemolj'tlo streptococci fn oitro Proc Soc. exp BioL NY 56 178 
Hobby G L. A. Dawson U. H. (1044 6) Effect of rate of gr owt h of bacteria on 
action of penicillin. Proc. Soc. exp Biol.^N1 56 181 
JoNSSy D (1046) The effect of antibiotic substances upon bacteriophage J Bad 
50 122, 841 

Kbampits L. O Green H. N d- Wehkman C H (1047) On the mode of action 
ofpenlcBltn J Bad. 5 3 878 

Lee S W FoLEi E. J 4. Epbtein J A. (1044) Mode of action of penicUIln- 
L Bacterial growth ond penlciPm ootivity — Staphylococcits aurais FDA. 
J Bad. 48 893 

Levine P A Fniscn A. W (1982) Spedflo InhibHkm of bacteriophage by bacterial 
extracts. Proc. Soc exp Biol N F., 30 008 
1 Iul£ F (1046) Mechanism of action of penldUln. Ann Jgltne {sper ) 56 298 
NerrER E. A Ciaub:, P (1944) The effects of penldUin on staphylococcus bacterio 
phage J Bad. 48 201 

Nicoiajc P & Faoukt M (1047) La synergic lytiqoe de la p^nldlUne et du 
baotiriophsge 6tudi6o au mlcroblophotorafitre Ann Inst. Pasteur 73 490 
Nrm F Fossaebt J & Fa ouct M (1944) Reeberohes sur 1 activiW antistaphy 
lococdque et la mode d action dc la piiUdUine Ann Inst Pasteur 70 80 
Pabker, R F a SIabsh H. C. (1046) Tbc action of penicillin on staphylococcus 
J BaeL 61 181 

Rants L. A. A Kibhy W M M. (1044) Action of penicillin on staphylococcus 
in vitro J ImmimoL 48 835 

Report (1046) Chemistry of penicillin Summary of results. Issued under the Joint 
auspices of the Committee on Medical Rcsearoh Office of Sdentifio Research 
and Development, Washington. D C. and Medical Research Council, London, 
Nature Ijond. 166 760 

Rountree, P M (1047) Staphylococcal bacteriophages. L The effect of penidlUn 
on staphylococcal bacteriophages AusL J exp Biol med. ScL 25 9 
RxrTTT-fl J Welch F V A Eltord W J (1948) The influence of antibacterial 
substances on the Interaction of bacteria and boctenophages. H Optical 
studies of the penicillin effect. J gen. hUenblol 2 220 
Siorn L,D AHav T (1942) The effect of penidlliji on the growth and morphologj 
of Staphylococcus atnrus J FranKhn Inst 233 698 
Todd E. W (1946 a) Bacteriolytic action of pcnldlDa. Lancet,! 74 
Todd E. W (1945 6) Fimction of autolytic enxyme In bacteriolyiU by pcnlcfflln 
Lancet^ ii 172. 


{Feeeivcd 19 January 1048) 



The Influence of Antibacterial Substances on the 
Interaction of Bacteria and Bacteriophages 

2 Optical Studies of the Penicillin Effect 

By J SJIILES, F V ’IVELCH and W J ELFORD 
National Institute for Medical Research, Hampstead, London 

SUMMARY The ultra-violet hght and electron microscopes ivere used to obsen c the 
effect of bacteriophage and peiucdlm on Staphylococcus aureus PeniciUm caused the 
orgamsms to swell to almost twice their normal size, and immediately before I^'sis 
they became less opaque to electrons and internal structure was evident Tlie triply 
segmented cocci seen- m the ultra-violet hght micrographs to be characteristic of 
pemcdlm-treated Staph aureus appear to be due to the irregular arrest of the proeess 
of division, whereby a cell partly divides and then only one of the mcipient daughter 
cells partly divides agam 

The adsorption of the Staph K phage to the surface of Staph aureus, the latent 
penod during which the coccus enlaiges and the phage multiplies, and the lysis of the 
cell with hberation of phage particles were also recorded optically Accelemted lysis 
of Staph aureus by the combined action of phage and penicilhn was not associated 
with any pecuhanty in micrographic appearance, except that inth high concentra- 
tions of penicilhn the number of phage particles released on Ij'sis uas diminished 
Durmg air- and freeze-diymg tlie diameter of Staph aureus contracts bj GO-50 % 
Electron micrographs of Staph K bacteriophage, gold-shadowed and imshadoucd, 
show a round head totallj' opaque to 50 kV electrons, 50-00 mp in diameter, and 
a slender tail 200-250 mp in length 

The various phases of the combined action of penicillm and bactenopliagc on 
Staphylococcus aureus (Elford, 1948) have been examined by means of tlic 
ultra-violet light and of electron microscopes These tuo instruments haie 
their own particular merits and shortcomings for an investigation of this kind 
and it ma)’’ be u ell to consider them brieflj' 

The ultra-violet light microscope In this instrument, emploj mg uavc-lcnglhs 
275 and 253 my , the limit of resolution is decreased from 200 mp (that of the 
best vusual microscope) to about 100 mp The specimen, dispersed in a medium 
transparent to ultra-vuolet light, is mounted between tlie quartz slide and cover 
glass, and exammed either by directly transmitted ultra-violet light or tlic 
dark-ground method The image presented bj transmitted liglit is largely m 
terms of the specific absorption in the ultra-violet characterizing tlie various 
elemen tar}- structures in the object, whereas the dark-ground image is formed 
through the scattering of light With biological specimens in particular, it is 
important to be able to studv the object as ncarlj as possible in its naturil 
state, 1 e in contact with its natural fluids or in a medium isotonic with them 
Fixation treatment mav alter structural details, and actual dn-ing niaj com- 
plcteh transform the picture as the result of contraction, precipitation, 
erv stalbzation and salting-out As a means of minimizing these undesirable 
consequences the frccze-drv ing method suggests itself Here it is hoped that 
bv practicalh instantaneous freezing of the svstem and the subsequent 
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removal of -water by e-vaporation from the ice phase there will be little, if any 
contractaon and distortion of the main elements of structure. The ultra violet 
light microscope provides a means of assessing the magmtude of the distortions 
due to such fbang and drying treatmento, specimens of the some material can 
be examined m the untreated condition, and after drying in various ways, the 
object can be remoxmted m a suitable medium such as castor oil or glycerol 
water This possibihty holds of course, only for objects of rclabvely large sites 
withm the resolution limits of the iiltra violet hght microscope. Clearlj there- 
fore, the effects on such objects as bacteria and tissue cells can be analysed. 

The electron mtcroscope The resolution limit of this instrument m its present 
stage of de\ elopment is probably about 1 mfu thus providing a means of 
bndgmg the gap between the lower limit of application of the ultra violet light 
microscope and the upper limits of X niy arial37sis However from the -view 
pomt of biological studies the electron microscope has the serious drawback 
that the specimens must be m the dry state Attempts ha^ne been made to 
m-vestigate moist specimens enclosed between collodion film (Abrams A 
AIcBam 1044) but the techmcal difflculbcs arc great and it would appear 
doubtflil whether the system would remain sufQciently stable for rehable 
examination. Some of the possible changes occumng on drying have already 
been mdicated and it wfll be evident that m evaluating the results of electron 
microscopy these factors must bo borne m mind The treatment of the object 
before, and during the actual mounting for electron microscope study should 
always be recorded in detail otherwise there can be Ho rehable mterpretation 
of the images photographed 


EXPERIMENTAL 

MatenaU The Oxford H* stram of ournw (abbreviation Staph. 0) 

And Staph K bactenophage (abbreviation were used throughout, in papain 
broth. Hartley’s broth and Ffldes a defined medium The peniciUm was a pure 
sodium salt of pemcillm G having an activity of 1000 mtematioiml umts 
(u )/mg For further details see Elford (1048) 

Ultra violet light microscope The Beck Barnard microscope (Barnard A 
Welch, 1986 Elford, 1988) was used with the condensed cadmium spark as the 
bght source for the wave-length 276 mp The highest power Zeiss Quarte 
monochromatic lenses gave a resolution of 100 mp Photographs were taken 
at an initial magnification 1100 

Electron mtcroscope The R.C.A. model B electron microscope was used 
with no limiting aperture m the objccbvc pole piece The energy of the electron 
beam was 60 kV throughout. 

Specimen preparation Specimens for examination m the electron micro- 
scope were moimtcd on thin films of collodion supported on a disk of fine 
nickel gauze (mesh 60 p.) These films were prepared by allowing one drop of 
a 2 % solution of nccoloidme in amyl acetate to spread on the surface of water 
Samples from the experimental systems were centrifuged and the deposit 
resuspended in water This treatment -was jepeated and a drop of the resultmg 
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aqueous suspension then placed on the coUodion film It ^ as either dried m air 
^ ^ freeze-dned For the latter, the disk mth specimen u as placed on a 

copper block and left standing m a freezuig-bath of COj-cthanol at -72= The 
copper block snth the frozen specimen was then transferred to a glass con- 
tainer m the vacuum Ime of a freeze-drj'uig unit The rate of cv aporation was 
sufficient to keep the preparation frozen throughout the drymg process, but the 
temperature was not kept at -72=. For stud.v with the ult^a-^^oIet light 
microscope, specimens on quartz slides were smnlarly treated, and the dried 
organisms moimted m castor oil. 

Expenments have been earned out bj' one of us (J S ) to find out if it was 
possible to incorporate micro-organisms m a collodion film before dehj dration 
b} spreading 1 % coUodion m am} 1 acetate direct!} on the moist specimen, and, 
if successful, vhether distortion of the organisms and shrinkage in directions 
parallel to the plane of the film could be prevented. It was found that Proteus 
vulgaris and Chromobacterium prodigiosum could he mounted in this va} , and 
that the resulting electron micrographs differed greatly from those obtained 
by the usual method of mounting desenbed abo%e IMien air-dned on the 
surface of the film the organisms were totally opaque, or nearly so, to 50 kV 
electrons, but when picked up from the surface of moist nutrient agar, or from 
a freshl} prepared impression on glass, the organism }ieldcd micrographs 
showing opaque internal structures m a relatn ely transparent c}’toplasm It 
was c\ndent from the smooth outline of the organisms that senous distortion 
had been prevented and from the transparene} of the c} toplasm that shrinkage 
accompamed by increase m mass densit}* could not base taken place Un- 
fortunately, similar experiments vnth Staph aureus vere not successful 


RESULTS 

Untreated staphylococci Ultra-violet light micrographs of untreated Staph O 
from cultures in the loganthmic phase of groA\th arc shovn in PI 1, fig 1 
The structure of the cell as it dn ides b} binar}' fission is clcarh seen In con- 
trast, the image of freeze-dried Staph O m the electron microscope (PI 2, 
fig 6), though indicatmg the shape and size, rc\ eals nothing of the internal 
structure owmg to the uniform opacit} to 50 kV electrons A Ujiical anal} sis 
of the size distribution in a normal Staph O culture, from ultra-Molet light 
micrographs, is gisen m Tabic 1, C, 80% of the organisms ha\c sizes in the 
range°0 75-0 90 g Measurements from electron micrographs of frr cze.dncd 
Staph 0 Melded the corresponding figure 0 0-0 7 p 

Staphylococci treated icith pemcilhn Penicillin m kno^m concentration vas 
allowed to act for a gis en period on Staph O grov ing logarithmically m broth 
or s\Tithetic medium and samples withdraw n for examination In the presentt 
of pemciUin at 37= the staph} lococci s^rcll to almost twice their nonn'^l size 
and after prolonged contact are finally 1} sed Ts-pical anal} ses of size distribu- 
tion are gisen m Table 1 MTicreas in the earh stages of penicillin action t he 
electron microscope shows onl} the swelling of the organism (PI 2, fig 7), tlw 
prepamhon beiag ^hollj opaque, the ultra-^■olct h-ht u>,ewe„p,, on the 
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other hand does reveal internal structure {PI 1, figs 2 and 8) The process of 
bmary fission is seen to be anomalous when penicdhn is present. Most of the 
enlarged cells appear to have developed to the point when fission should occur 
and then stopped, and there is often a noticeable diffprence m ultra violet light 
absorption by the two halves of the cell. Also, many of the cells show three 
segments (PI 1 fig 8) suggesting that growth has prbceeded to the point of 

Table 1 Frequency ditlnbulion of the dumeiert of Staph 0 treated in 
different tnaye measured on ultra violet light micrographs 
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diviflicra and one ofijie daughter ccUs without bcjn^ detached has developed 
to the point of mitosis and no further These observaticms support the view 
held by many workers that peniciUm pre^^ts normal division of the organism 
Following prolonged action of penicillin the staphylococci become transparent 
to 50 kV electrons and before disintegration mtcmal structure can be seen 
with the electron microscope, Certam dements presumably nuclear, rctam 
their opacity and the cj'toplasm contains fine granules which are hberated 
when the cell membrane diamt^rates Similar granules can also be discerned 
m the ultra violet light micrographs (PI 1, fig 8) These pomta are well illus 
trated m electron micrographs of matenol deposited by centrifugation from 
a culture lysed by pemciUin (PI 8 fig 8) These show cells m various stages of 
lysis, remnants of cells and ytt other cells apparently highly resistant to the 
antibiotic. 

The \T)fiuence of dry\ng on iiaphylocoect Cultures of Staph 0 m broth and 
defined medium were exammed by ultra violet light micrography both as 
wet specimens and remounted ih castor oil after air and freeze-drymg (PL 1 
figs. 1 and 4 ) The site distribution is given m Table 1 A and C. In on untreated 
culture of Staph, O 80% of the organisms have sixes within the ranges 
0*75-0 0 fu whereas the correspondmg figure after frecie-drying treatment is 
0 45-0 60^ Similaranalyses of cultures contalningO 1 u /ml penicillin (PI I 
figs 2 Sands and Table 1, B and D) mdicatc that in the wet condition 75 % 
fall within the sixe range 1*05-1 20 p. while a^ter frcexc-drying the size range 
decreased to 0 6-0 75 fi The contrachon due to drymg is therefore 80-60 % 

Sleasurcments on electron micrographs of fi'ccze-dncd organisms (e 20 
measured m each case) mdicated the following peaks In the distribution of 
sizes Untreated staphylococci 0*6-0*7ft irtaphylococci treated withO lu /mL 
penicillin for 1 hr at 37* 0 8-1 1 and after 8 hr treatment with peniciUm 

13 


OHIt3 
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1-1 25 /J. These figures are shgbtly greater than those determined m ultra- 
Molet light micrographs It may well be that the surface with which the 
organism is in contact during drj'mg in some measure affects the final size 
A small error in calibration may also be mimlved In view of these facts the 
two methods may be said to yield results in fair agreement 
Staphylococci infected with bacteriophage Yoimg cultures of Staph 0 at 37® 
were inoculated with concentrations of Staph K phage sufficient to produce 
multiple infection Electron micrographs of the phage adsorbed on to staphy- 
lococci are shown m PI S, fig 9 ^^Tien infection has lasted for about half an 
hour the cell, enlarged relative to normal size, ruptures and an increased number 
of phage particles is released No clear-cut evidence v as obtamed as to n hether 
the phage multiplies at the surface of the^ cell or withm the cj'toplasm In 
some instances the phage appeared to be congregated around the penphen 
of the cell, while in others the particles were located nearer to the ‘nucleus’ 
The elementary phage particles Preparations of phage from filtrates of lysed 
cultures of Staph O in synthetic medium, concentrated and v ashed vnth 
water in the air-driven centrifuge, n ere exanimed in the electron microscope 
Stapli K phage comprises a round liead opaque at 50 kV electrons and a 
relativel}’’ long slender tail PI 4, fig II, is a micrograph of a specimen treated 
nitli 0 02 M-CaCl; to enhance the contrast (Taylor, Sliarp, Beard, Beard, 
Dingle & Feller, 1943) Measurements of the head indicated a diameter 
50-60 m/x and a tail length of 200-250 m/x PI 4, fig 12, shovs Staph K 
phage gold-shadov cd by the method of Williams & WyckolT (1945) The 
beaded appearance of the tail wc consider to be an artefact due to the character 
of the metallic deposit PI 4, fig 10, is verj' interesting, a concentrated 
Staph K phage preparation, washed several times in distilled vater, has 
aggregated on the collodion v ith heads imiformly arranged as a layer over the 
film surface The heads do not appear to be m contact, but arc accompanied 
b\ an apparently fibrillar material Further studies on concentrated pre- 
parations of this phage are m progress 
Staphylococci attached by phage and penicillin The general sequence of c^ ents 
follov mg a combined attack by phage and penicillin on staphylococci dilTcrcd 
little from that following infection bj phage alone After initial adsorption the 
majoritv of the particles was attached to the surfaces of the organisms and at 
the end of a definite latent period the enlarged cell disintegrated, liberating 
clcmcntan phage particles Lysis appeared to consist of a general dissolution 
of the cell vail and not the bursting of a bag that otherwise remained intact 
After h sis, certain elements possibh nuclear, that arc opaque to electrons arc 
frequenth seen, similar to those remaining v hen penicillin or pliagc acts aloiu 
The micrographs (PI 4, fig 13) show cells soon after hsis bj phage + 1 u /ml 
penicillin The escaping phage particles arc clearly depicted, and appear to 
haA c been liberated in most eases from the periphcnl regions of the cell, often 
as though propelled outvards as a nave but sometimes as a mass foUov mg th< 
sudden '"dissolution of the cell There is a wide \ariation m the number of 
particles cscapmg per cell, but the as crage figure for concentrations of penicillin 
not cvcecding 0 1 u /ml is much the same as for phage alone 
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DISCUSSION 

Our optical studies amply confirmed the conclusion drawn from direct analyses 
of the action^ combined and ^ngly of Jihage and penicillin on staphylococci 
CJardner (1940) Smith & Hay (1942) and Fisher (1946) have shown m micro 
scopical studies that the organisms swell considerably m size under the action 
of pemciUm. Weiss (1048) and recently Shanahan, Eisenstark Tanner (1947) 
ha\e used the electron microscope to study the effect of pcmcillm on various 
organisms Their observation of the mitial swellmg of the organisms cul 
minatmg m the lysis of the cell, accords with our own. Our work with ultra 
violet light micrography m addition to confirming the general snelhng of the 
organism in the presence of penicillin, throws further light on the stage at 
which growth and development of the organism are arrested it is clear from 
the mtemal structure that the cell is unable to divide normallj It appears 
that one daughter cell mthout bemg detached is capable of further growth 
agam to the pomt of division. This leaves the enlarged cell dmdcd mto three 
segments, a picture characteristic of pcnicUlm treated staphylococci Nothing 
similar was observed m any of our imtrcated staphylococci m the logarithmic 
growth phase. It would not be at all surprising however if such structures 
were occasionally encountered in untleated senescent cultures In the period 
between the initial swelling of the cell m tbe presence of penicilhn and lysis 
the cell became increasmgly transparent to 50 kV electrons so that an mtemal 
structure could be seen m electron micrographs as for example m tbe dis 
mtegratmg pair of cells (PL 8 fig 8) 

The electron microscope has been of great service m studying the process of 
infection of staphylococci by phage. It has shown the phage particles adsorbed 
to the cell surface the enlarged cell during the latent period and finally 
elementary phage particles escaping from the cell on lyms (cf RusLa, 1042 
Luna, Delbrfick & Anderson 1048 Edwards A Wyckoff 1047) The e\ idence 
18 still not conclusive as to precisely where the phage multiphcs. The balance 
of evidence favours the penpheral r^ons of the cell If this be mdecd the 
case, then the depressor effect’ desenbed by Delbrfick (1045) whereby excess 
of superficially adsorbed phage influences the multiplication of intracellular 
phage, is more understandable. Unfortunately the size of the pluigc particle 
IS just below the resolution hmlt of the ultra violet light microscope. Nc^ cr 
theless by photographing 0 1 ju optical sections through the ccU the presence 
of adsorbed phage particles could be detected on the outer surface of the cell 
though nothing defimte could be learned regarding the whereabouts of particles 
within the cell 

The pictures of the combined action of phage and pcmcillm were % ery similar 
to thoseof phage acthigaJone, except that with high conccntmtions of pcnicillui 
the number of phage particles escaping from the lysed cell was less 

Staph. K phage was shown by means of the electron microscope to possess 
a round head opaque to 50 kV electrons and a relatively long slender tail 
The diameter of the head in the dried Bpccimens is 50-00 m/i, a figure agreeing 
well with the size mdicated by ultra filtration and centrifugation data, 00 m^ 
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and 70 rap. respectively for the phage in its normal wet state (Elford, 1988) 
The presence of considerable excess of ‘free tails’ and the association of phage 
with masses of ‘ fibnllar ’ material, particularly in the early stages of punficatioii, 
still leaves us m doubt as to whether the tail is an essential part of the phage’s 
morpholog>' Further evidence is needed on this pomt 

The observations on the shrinkage and distortion of staphylococci during 
air- or freeze-drymg are of importance in the interpretation of electron micro- 
graphs, particularly in estimations of size The contraction of 80-50 % on 
drymg indicated m ultra-violet light micrographs is of the order of magnitude 
found by us for a number of micro-orgamsms studied by this mel:hod Bacillar} 
forms were particularly liable to distortion Clearly, m any mstance, the 
magmtude of the shrinkage and distortion mil depend upon the object under 
investigation — ^viz the rheological properties of the cell wall and of the cyto- 
plasm, and on the density and size distribution of internal structure Wyckoff 
(1946)Jias pomted out theneed formmimizingthe distortion due to desiccation, 
and has described a freeze-drjung procedure very similar to our omi An 
additional advantage of the £reeze-dr}'mg method m our experience was the 
more even distribution of organisms on the collodion film It appears that any 
tendency to aggregation on the film, as may happen during the slower air- 
drymg process, is largely ehmmated by freeze-dr}nng 
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EXPLANATION OF PLATES 
Plate 1 

Ultra violet light micrographs of Stapkylococtua aurttu, Oxford strain. Wave-length 
~275in^ SlagnlflcatlOQ X 8S00 
Fig 1 Staph. O 1 hr cnHure In papain broth at 87* 

Fig 2 Staph. O onHure In papain broth locabated for 1 hr at 87* In preaeoce of 0-1 u /tnl 
penldUhL 

Fig 8. Staph. 0 culture In papain broth Incubated for 8 hr at 87* In presence of 0 1 tL/ml. 

Fig 4 Staph OcuUore in papain broth fori hr at 87 concentrated by spinning and wasl^ 
In water freeze-dried and remounted tn castor oih 
Fig 8. Staph. O culture tn papain broth Incubated 1 hr at 87* tn presence of 0*1 a /fnl 
pen Whin, concentrated and washed In watery heeze>drled and remounted In castor oU. 

Plate 2 

Electron micrographs of Staphyloeocciu aurtua Oxford strain Magnification x 18 000 
Fig 6 Sts^h. O from 1 hr papain broth culture at 87* Span down and washed In dlstHted 
water the film air-dried over P,0| 

Fig 7 Staph. 0 from papain broth culture humbated 1 hr in presence of 0 1 n./ml. pcokfiXIn 

at 87* Spun down and washed in distilled water and the film freeze-drlcd. , 
Plate 8 

Fig 8 KlectroQ micrographs of deyosit remaining after the action of 0 1 u (mL penlefllln at 
87* for 24 hr OQ Staph. 0 The l yse d cultare was centrifuged 18 min at 10,000 r pjcn.« 
the deposit washed twice in dlstfhed water and the film freexe-dried Magnification 
X15 000 

Fig 0 Ekotron micrographs of Staph. O and Staph K phage (multiple infection, 10-20 
phage porticles/oell) showing phage adsorbed to surlhce of and the infected cell in 
different stages of dlsintegratloa. Magnificatioo x 18 000 

Plste 4 

Electron m ic rographs of Staph. K phage. 

10 Phage washed several time s in distilled water in hlgh-^Tced ceotrifrjge. Alr-dri<^ 
on coQodkin fihn. Blagnification x 80,000 

Fig 11 Staph. K phage from lyaed Stoph- O (n defined medium, cenlrifttged down and 
reaxupended In 0*02 M-CaCI] again centrifuged and the drpodt rer u ipended in water 
Air-dried on coUodloo film. Magnification x48 000 
Fig 12 Staph. K phage from lysed Staph. O In defined medium, centrifuged and rr- 
fxttpended in water Air-dried on coflodlon film and shadowed with gold- MagnifiratioE 

X45 000 

Fig 18 Staph. O attacked by phage and penScfllln. Staph. O SylC^'cnL tn logaritlimi' 

gTOwthphaietnpopaInbroth-f-8taph.Kphagt,10"/mL+Ja-’ihLptiikimn foenhataJ 

45 min at 87* ceQi centrifuged and resuspended In water Air-drfedoncoUcdlnBSi^- 
Cells In vartoui stages oflysb and phage particles Wag ilagniflcatkei 


{Recened ID Jcnucfy 1545) 



The Absence of Soluble Antibacterial Inhibitors in 

Clostridium spp. 

By G BELYAVIN 

The National Institute for JMedical lieseareh, Hampstead, London 

SmiMAIlY Bj' a cup-plate method, the antibiotic actmty of fluid cultures of 
253 strains of spore-beanng anaerobic bacilli representing o\ er sixteen Cloilridittni spp 
Iras tested against one strain each of Myeobacteriinn phlei, Staphylococeiis aureus, 
and Baeteriuin eoh Two strains of Clostridium sporogenes and two of Cl bifcrmentaiis 
shoned a neak and ^^^able actmtj’’ against Mycobacterium phlei The remainder of 
the tests were all negatir e 

In v^e^^ of the current trends in antibiotic research it nas tliought that 
a suiw-ey of tlie antibiotic activity of spore-beanng anaerobic bacteria mighl 
yield something of interest A large collection of Clostridium spp isolated 
from war wounds was available for this purpose A preliminary test of a few 
clostridial species in agar cup-plates, against Mycohactenum phlei, M smeg- 
mails, and Bacterium cob, revealed the presence of inhibitors of M phlei in 
cultures of Cl sporogenes and Cl bifcrmentaiis The methods of detection and 
titration of such mhibitors were developed using these strains At first, the 
positive results with agar cup-plates were not obtained in repeated tests, 
although the plates w ere seeded w ith a ar\ mg concentrations of test organisms, 
and three difFcrent media, Fildcs’s peptic digest (Fildcs, 1921), a defined 
medium (Burkholder & SlcVcigh, 1912), and o\-heart extract nutrient agar 
were used Titration in tubes, of gradocol membrane filtrates of broth cultures, 
how e\ er, res caled the presence of inhibitors, although in low concentration 
Detectable zones of mliibition on the agar plates were c\entunlly obtained 
111 nutrient ox-hcart extract agar, seeded with approximate!} 0 5 x 10® jl/ jihlci 
tclls/ml The cups, 8 or 10 mm in diameter, were cut with a cork-bortr, and 
were filled with approximately 0 1-0 2 ml of the culture to be tested The 
plates were then held at 2° to enable any inhibitor to dilTusc into the medium 
m adequate concentration before growth of the test organism commenced 
The optimum period of chilling was proved to be about 2 hr The plates wtrt 
incubated acrobicalh, and it was not therefore ncccssar\ to remove the hv mg 
imcrobic bacteria bv filtration because thev did not multipl} apprccinbl} 
during the incubation in air The test cultures were grown in ox-he irl extnul 
cooked-meat broth, and after 2 and G-7 davs’ incubation, s imjilcs were tested 
111 three cup-plates containing respective!}, laboratorv strains of ])hlei. 
Staph aureus ‘Oxford’ strain, and Bact colt SS The .V phlei plnte-s were read 
after 4 S hr incubation the otlicrs after 2 1 hr 

HBSLLTS 

The species and the number of strains of cacli species c'aminefl wen 
Cl sporogenes Cl biftrinentaiis {iG) Cl capitoiale {\H), Cl uelchn {U,), 

Cl multiftrmentans {H), Cl cochleanum (It), Cl hasltforme 00), (I histo 
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Jyticum (8) Cl tepiicum (8) Cl terhum (6) Cl Utanomorphum (5) Cl 
oedemalxens (8) CL tetanx (2) Cl fallax (2) Cl chaxwoa (1) and Cl buty 
ricurh (1) In addition forty-one strains not identifiable as any of the above 
species were tested of these twenty six were saccharolytic* and fifteen 
proteolytic 

Four strains, two of Cl b\fermenUin8 and two of Cl sporogenes were weakly 
active in plates against M phlei gmng zones about 12 mm overall diameter 
corresponding to a titre of ^ or ^ m the tube tests The production of inhibitors 
by these strains was however variable and did not necessarily occur on 
subsequent retesting No inhibition of the staphylococcus or the cohform 
bacteria was observed 

The feeble activity displaj ed at times by these few strains did not warrant 
devising media to manifest the inhibitors with regulanty or to produce them 
m workable quantity It is possible that with other organisms and other 
conditions of test, more powerful inhibitors might have been found, but the 
results suggest that such substances are not generallj produced by clostndia. 
Furthermore, various air home contammanU cocci and bacilli, growing on the 
cup-plates m the early experiments, showed marked zones of growth stunulation 
extending into the zones of inhibition suggesting that many bacteria yield 
antagomsts to the inhibiting substances produced by Cl sporvgenes and Cl 
bifermeniant 
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The Breakdown of Phenola and Related Compounds 
by Bacteria 

By J W CZEKALOWSKI and B SKARZYNSKI 

DepartTMnt3 of Badenology and BtoehemUiry Univcrtity of Edinburgh and the 
Bacteriology Department Royal Infirmary of Edinburgh 

SUMMARY An Aehromobaeier itmln bolated from soil grew on a mineral call 
medium containing phenol or various phenol or benxoio acid derivativefl as the sole 
source of carbon The strain was moderately spedflc In its action on different classes 
of aromatic compounds. It did not break down unsubstituted aromatio hydrocarbons 
and their sulpho- an^o- nitro- and halogen-derivatives hot did split phenols and 
carboxy addk This ability was limited to mono-oyoUo compotmds. 

The microbicidal properties of phenol^ which have been recognized for a long 
time, are m direct contrast to the fact that there are many types of bactena which 
thrive m media contammg phenols It was observed that phenola added to the 
soil for the purpose of sterilization, instead of destroying the bactena, actually 
encouraged growth (Russell & Hutchinson 1909 Buddin,19H Mathews 1924) 
The well known fact that phenols arising in sewage or other decomposing matter 
fail to prevent the growth of bacteria further indicates the relative insensitivity 
of certain organisms towards these substances (Fowler Ardem A. Lockett, 1011) 
Fuller investigation has shown that phenols ore not only non lethal to 
certain bactena, but that they can even be decomposed by such organisms 
(StCrmcr, 1008 Wagner 1914 Thornton 1923 Grant & ZoBell 1942) Gray 
& Thornton (1928) In particular earned out an extensive research into this 
problem and isolated from soil various types of bactena which were capable 
of using phenol or cresol os the sole source of carbon These bactena differed 
from one another m biological propertaes and m their ability to grow on 
different aromatic compounds They readily tolerated concentrotions of phenol 
up to 0 1 % and some could metabolize aromatic hydrocarbons also In this 
connexion it must be mentioned that many authors have desenbed bacterial 
strains which grow on aromatic hydrocarbons as their only supply of carbon 
but these strains were unable to use oxygen-contammg aromatic compounds 
(SBhngen 1918 Taussen 1929 Tausz Donath, 1930 Frank Goodale, 
1942) It is obvious that soil bacteria exhibit a wide range of ipecifiaty towards 
different aromatic substances, but this problem awaits fuller Investigation 
In the following experiments attempts have been made to mvestigate in one 
phenol tolerant stram the relationship between chemical structure and the use 
of aromabc compounds by bactena, 

MATERIAL AND METHODS 

Bactena Heavily manured garden soil was used as the source of bacteria. 
The specimens were mixed m 1 g lots with 100 ml 0-05 % phenok After 3 daj*B 
incubation at 24® one loopful was transferred to a mmcral salt medium 
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containing 0 05 % phenol as the sole source of carbon In this w aj"^ bacteria 
■which used phenol ■were obtained. 

The strains were plated on beef-cs-tract peptone agar and single colonies 
subcultured in mineral salt medium containing 0 05 % phenol for the prcpara* 
tion of pure cultures The adaptation of selected strains to higher concentrations 
of phenol was accomplished by subcultivation in mineral salt fluid-medium con- 
taimng mcreasing amounts of phenol The increase in the concentration of phenol 
was very small and did not exceed 0 005 % for each subculture The subcultures 
were made every 4—6 days, o'wing to the very slow grondh of these bacteria 

Only bacteria actually multiplying in 0 1 % phenol ■ncre used The initial 
e'^eriments nere performed with five bacterial strains, all with the same 
biological features, for the more detailed experiments only the most actively 
gro'wing strain was used 

The biological characteristics of the strains arc as follows Motile, Gram- 
negative bacilli, 2-i/t by 0 5-2//, non-pigmcnted on ordinarj' nutrient agar, 
optimum temperature for growth about 22-24°, very scanty growth at 87° 
After mcubation for 24 Iw on agar the colonies are about 0 5 mm in diameter, 
circular, smooth, greyish white and translucent After 5 or 6 days the colonics 
are 3-5 mm in diameter, raised, greyish, opaque, with smooth surfaces and 
regular edges Uniform turbidity in broth with a granular deposit, on potato 
a greyish confluent growth, good growth on McConkey’s medium, none on 
dcso-^cholatc citrate agar medium Milk slightly curdled, but no change m 
pH noticed Gelatin liquified in 12 hr Of the sugars examined (arabinosc, 
rhamnosc, xylose, glucose, mannose, lactose, maltose, sucrose, starch and 
mulm) only glucose was slightly fermented No fermentation of alcohols 
(glycerol, adonitol, mannitol, dulcitol, sorbitol), or glucosidcs (sahcin and 
aescuhn), or of inositol Indole not produced, and the Voges-Proskauer 
and methyl red tests negative 

On the basis of these biological characteristics the strains used were identified 
as belonging to the Achromohaclcr genus (Toplcy Wilson, 1930) 

Media Two kinds of medium were used (a) Nutrient (ox-heart extract 
peptone) agar, this was used for isolation of pure cultures, for standard cultures 
and for \nabihtj tests (5) Liquid mineral salt medium based on a recipe of 
Graj &; Thornton (1928) with the following composition MgSO^, 0 2g, 
(Nli^l.SO^, 1 Og , NaCl, 0 1 g , KHjPO,, 1 70g , CaCk, 0 1 g , Na.HPO^ 
(anhydrous), 2 88 g , FcClj, 0 02g , distilled water 1000 ml 

In some experiments requiring unbufTcred medium Gray Thornton’s 
original formula was followed 

Because precipitates form in the defined medium dunng aittoclnMiig it 
was stcnhzed by filtration through Scitz-type pads This medium, supple- 
mented with 0 1 % of sanous aromatic compounds ns the source of carbon, 
was used m the experiments on growtii and adaptation to different aromatic 
compounds of the strains tested 

InoculaUon The ssmthctic media containing \arious aromatic hjdrocarhons 
were inoculated wntl’i 0 01 ml of a 14-daj-old culture of the Achromobarter sp 
grown on a medium containing 0 1 % phenol 
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The meaturamrd of bacUnal grxmih, The growth of cultures was measured 
turbidimetncafly, u»mg a Spekker photoelectric absorptlometer with smoky 
filters no H. fi08 Headings were made against distilled water The mtensity 
of turbidity expressed m units was readirom a standard turbidity curve, which 
for comparison was calibrated against standard opacity tubes made according 
to Brown (1919) 

In some experiments of long duration the turbidity alone was not an 
adequate measure because it did not exclude dead bacteria. To overcome this 
difficulty we coimted the viable organisms by the plating method in addition, 
usmg an ordmary nutrient agar The figures given on the viability curve 
(Fig 1) were obtamed by taking as an arbitrary unit the value recorded on the 
day before that on which a decrease was observed m the number of viable 
bactena and e^pr ^ w ung all figures obtained on subsequent days m terms of 
this umt. 

Some of the aromatic compounds tested were only slightly water-soluble 
and produced opalescence m the medium thus rendering turbidimetric 
estimations impossible. In these cases the bacterial growth was followed by 
direct counts 

Chemxcd. etinnatuma A glass dectrode was used for pH measurements 

Hhenol was estunated by Thels & Benedict’s colorimetric method {Them 
A Benedict, 1924) All test compounds were purified and their purity was 
checked by melting or boiling pomt defcenninatioiu 


RESULTS 

The initial expenmonts with the five different strains of AehromobaeUr sp 
showed that all grew readily m 0 1 % phenol as the sole source of carbon 
0 16 % phenol prevented growth, but did not kill the bactena until cultures 
were 10 days old 0^2 % phenol was markedly bactericidal in 48 hr 

The same bactena grew in the presence of glucose, acetate and citrate two 
to four tunes as abundantly as m the phenol medhun. It seems that these 
aliphatic substances are a preferred source of carbon and that the use of 
phenol presents merely an alternative (emergency) mechanism of the bacterial 
cdl, manifested dlatmctly only ra the absence of easily metabolized ahphatio 
substances When grown in medium contamlng 0^ % of glucose and 0 1 % of 
phenol the strains used both substances simultaneously but the breakdown 
of phenol was markedly decreased and the number of b^teria mcreased much 
faster than when phenol alone was the substrate. The mulbphcation of bacteria 
on phenol proceeded only when there was free access of oxygen. 

The growth of bactena on phenol as the sole source of carbon is slow dunag 
the first 2 days passes durmg the next 7 da>'s through the phase of loganthmic 
multiplication and reaches its peak in 10 days The stationary phase Usts 
about 8 weeks, after which there is a slow decrease m the number of UmV 
bacteria (Fig 1) The rate of growth on phenol was always reproducible*^ 
the same conditions were mamtained. 

The rate of disappearance of phenol in the medium is at first b1( 
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to be pronounced simultaneously with the phase of rapid multiplication of 
bactena and increases progressively during the stationary phase as well 
(Fig 1) 

The Achromobacter strams, when growng on imbuffered mineral salt medium 
with an imtial pH of 7 6, brought the pH down to 6 0 durmg the logarithmic 



Fig 1 a=:bactcnal pro^rth estimated turbidimctncallj , i = bactcrial grouili cstirnnfed 
b^ \nablc count, c=phcnol concentration, d~plJ of culture 

pliase and maintained it there during the stationnrj phase The loiurmg of 
pH vas much more pronounced m cultures growing on unbufTired iiadiiv 
containing glucose instead of phenol TJic use of phtnol and the ratis of 
b ictcrnl multiplication verc independent of pll vithin the limits of <> 0-7 0 
Most of our experiments were performed in InifTcrcd media at pH 7 0 

Table 1 shoas the cfTcct of tarious aromatic tompounds as the sole souret 
of carbon on one Achromohader strain 

This strain is higliK selcctne m using difTereiit aromatic (ornpounds It 
cannot U'c the unsubsfituted aromatic compounds like ben7tiu or tolmne, 
either as free In droc.irbons or as their sulphonic acids, nor does tie mlrodue 
tion into the benzene ring of cliloro-, nitro, or ammo-groupT innl-c tla 
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substances susceptible to breakdown by these bacteria* Hydrogenation of the 
bmtene ring however does so as was shown in the case of cyclohexane which 
18 itedf a good source of carbon. Nearly all the mono- di and tn phenols “ 
investigated were good sources of carbon. It seems that the presence of free 
phenoUc groups is essentiah The phenolic ethers were not attacked by this 
strain^ though the esters of phenol were readily used as a source of carbon. 


Table 1 TJte of vancnts benzene denvativet by on Achromobacter strain 


Compotmd 

Bacterial 
growth after 

5 days 

Compotmd 

Bacterial 
gfowth after 

5 days 

BenzeDO 

— 

Ordnol 

+ + + 

Toluene 

— 

Pyrogallol 

+ 

Benxcnesalphonlo add 

— 

Benzoic odd 

+ + + + + 

p-ToIuene»^phonlo add 

— 

Benxamlde 

+ 

Cyclohexane 

+ 

e-NItrobcnzoio add 

± 

^Tdobexanol 

+ 

o-Hydraxybenxoio add 

-H' + + 

Monochlorobenzene 

— 

p-Uydroxybenxoio add 

± 

Nitrobenzene 

— 

a g-Dfltydrtixy benzoic add 

+ 4- 4- + + 

Amlnobenzene 

— 

o-Aminobenzoto add 

+ + 

Phenol 

+ + + 

p-Aroinobenzoio add 

± 

Fhenyi benzoate 

+ + + + 

Phthalkadd 


Phenyl acetate 

+ + + + 

Terephthalio add 

— 

Phenyl sulphate 

+ + + 

Phenylacetlo add 

+ + + + + 

Pbecyimetbylether 

— 

Dlpbenylacrtio add 

+ ^ + 

Pbenylethylether 

— 

B^izyl alcsobol 

+ + -h 

Diphenyl ether 

— 

Bexxihydrol 

± 

o-Cre«ol 

-l■ + + -^- 

Benaophenone 


m Cretol 

+ + 

Benzil 


p>Cretol 

+ + 

p-Hydroxybenzaldehyde 

± 

8 4-Xylen l-ol 

+ + 

Napbthaleiie-2-«nlpbonic add 

— 

8 5-Xylen l-ol 

— 

a Naphtbol 

— 

o-DIhydroxybcnxene 

+ + + 

/f Naphtbol 

— 

m Dlhydroxybcnzene 

+ 

1 Hydroxy-S-naphtboki add 

— 

p»Plhydroxy benzene — 

± + ++ + + + -i- + + + -1- + + + + 

exprees the relathre density of bacterial growth 


Probably the cnrymic system of the bacterial cell contains esterases which 
split the ester linkage, rendering the fifee phenol available to the bactcnal cell 
but there docs not appear to be splitting of the ethers 

Quantitative estunations of bacterial growth showed that there were 
distmct differences in the rates of multiplication with different phenols 
Although the limited accuracy of the method demands that conclusions should 
be drawn with caution^ the results show that onii phenol (catechol) is used 
much better than m-dl phenol (resorcmol) p-di phenol (hydroqumone) was 
not attacked by our Aehromohacier strain. Fig 2 shows the mulbpbcation 
rate in different phenols 

Substitution of alkyl-groups in phenol had in some instances a marked effect 
on the avmlabflity of the compounds for our bacteria. The rate of growth with 
p- and m methyl phoiol (cresol) is of the same order of magmtude as the rate 
of growth with phenol but is lower than the rate of growth with o mcthjl 
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phenol The introduction of a methyl-group mto resorcmol enhances its use by 
bactena, orcmol bemg a much better source of carbon than resorcinol There 
is no difference between the multiplication rate with 8, 4-xylen-l-oI and with 
phenol, but S, o-xjden-l-ol is not used at all 



Tig 2 o = o-cresol, 6=:OT-crcsol, ci=cntcchol, rf=p cTP<;ol, e=rcsorcinol 

When a carbo\} l-group is introduced into the benmie ring, the compound 
supports growth of our bacterium The rate of multiplication on btnroie, 
phemlacetie and sahcjhc acids is distincth higlier than on phenol Ilemtvtr, 
m the case of carboxjlic acid deniatiics of bcn/cnc v-c must take aceount 
of mans exceptions which make an explanation of the relationship bfti ctn 
clicmical structure and use b\ bactena more difficult to formulate Tor example 
the dicarbox} he acids, phthahe and terephthahe acids, nere not used In our 
strain 

p-Aminobcnzoic acid permits onh sera slight growth of the baeleriiim This 
cannot depend upon the presence of an anuno-group on the ben7<'nf nng, 
because the o-homolojue of this acid is rc.idih used It seems, rather, flu*t 
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para substatuhou m bentoic acid in general rliTniniKbp^ the avallabiliiy of the 
compound for the bacterial cell (Fig 8) 

The olcohohc group also renders the benicne ring susceptible to the action 
of the bactenum but this is not a general rule. Beniyl-alcohol Is used^ but not 



8* aaapben^scetlo uidpheD^Ibenzoloaclds; fraipbexiyl benxoete; e*bea^ alcoboli 
dMjMuolDObe&ailo adcL 

benzhydrol It seems that the carbonyl-group does not alter the resistance of 
the benzene ring smce neither bcnzophenone nor bennl are used. 

Only mono-cyclic aromatic compounds were susceptible to bacterial action 
ell the hydroxy and carboxy-derivatives of naphthalene mvestlgated failed 
to support bacterial growth. 

The authors wish to expi e ss thdr giatltado to Prof. T J Madde, Prof G F 
Marrian and Dr W R, Logan for their hospitality and Interest throughout the 
experiments. 
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The Incidence and Character of Vibrios in British Waters 

By ROSESIARY JACKSON 

National InstUtde for Medical Retearchj Hampttead London 

SUMMARY Forty nine stralna of vibrio were isolated from 82 of 43 templet of fresh 
water collected In various ports of En^and and Woks during the period October 1045 
to July 1048 More than one Idnd of vibrio were found in 14 of the samples. 

The types of vlbno Isolated were heterogeneous In their fermentation reaction*. 
Only three gave a cholera red reaction Twenty five produced haemolysin for goat 
erythrocyte* and aU the haemolyBins tested \rero fllterablo through gradacol mem 
branes of 75 mp pore diameter an antiserum prepared against the haemolysin of 
one ftraln neutralixed those of the other haemolytic water strains nnd of an El 
Tor vibrio 

Only one serological group of five strains related in *0 and H antigens was 
found a few other stralna showed H relationship and one (or two) posseued the 
H antigen of Vibrio ehoUrae otherwise the organisms isolated were serologlcallj 
heterogeneous with UtUe antigenic similarity to one another or to known Asiatic 
vlbno types. 

Compared with the extensive studies of the organisms of the Ft&no group 
which have been undertaken in India and the Far East, there is littie informa 
tion concerning their distnbution and characters m western countnes where 
cholera no longer occurs In Bntain, Houston (1018) examined a large number 
of London water samples, mainly from the Thames for the presence of water 
microbes culturally resembling vibnoa but after finding 1885 strains atypical 
in the cholera red test and m their behaviour towards gelatm he rejected them 
without further study 

The present investigation was therefore started with the following objects 
(1) to determine the madcnce of vibnos m open waters m this country (2) to 
mvestigate their biochemical and serological characters (8) to compare them 
with the true cholera ribno and with water vibnos isolated m other parts of 
the world. 


Meihod of wlalxon 

Specimens were taken m ordinary unstcnlized glass beakers washed out 
several times in the water under examination. Each sample (180 mL) was 
transferred to a sterile screw-capped bottle contaimng 20 mk of an ennehment 
medium composed of 10 % peptone and 9 % NeCl m distilled water with the 
pH adjusted to 9 2 and buffered with a bone acid solution, a few drops of 
thymol blue bemg added as indicator The samples were usually collected 
during the afternoon and on returning to the laboratory the bottles were left 
on the bench at room temperature overnight. They were transferred to the 
37 Incubator at 10 a,ni. the following day for 8 hr after which a few drops 
of the surface scum was plated on Aronson agar The bottles were again left on 
the bench overnight and a second plating was made the following morning 
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Incidence of vibrios tn water 

Dunng the penod October 1945 to July 1946, 48 water samples from various 
parts of England and lYales were examined and vibrios vere isolated from 
32 of them From 14 of the samples more than one t)'pe of vibrio was obtamed 
(Table 1} 

Although the media used were basicallj'' similar to those used in India by 
Taylor & Ahuja (1937), and found by them highly selective m their mvcstiga- 
tion of vaters m Northern India, considerable difficulty was experienced m 
suppressing other water bacteria which tended to overgrow the more delicate 
^^b^o The procedure of isolation was adjusted from time to time It was 
found that %’ibnos could often be picked up off plates, negative at first examina- 
tion, which had been lymg on the bench for several days, and it became the 
practice to examme all plates daily for a week before rejecting them as 
negative This method was ev'entually adopted as giving the greatest number 
of positive results It is probable that earlier failures to isolate vibrios from 
some of the samples were due to inadequacies of technique and that the 
incidence is actually higher than the 75 % foimd in this small survey 

At the beginning of the investigation, a period during w'hich results were 
variable, the weather was mild and damp, but the samples from sources 22, 
23 and 24, which failed to jneld vibrios, were collected during a cold spell when 
there was snow on the ground, although no ice on the surface of the water 
From JIarch 1940 onwards all collections were made during warm weather and 
there were no \nbrio-free samples The senes is, however, too small to allow 
anj conclusions to be drawn about the mflucncc of w eathcr on incidence Other 
observers (Houston, 1909, Taylor & Ahuja, 1937) were of the opinion that it 
did not play any defmite part 

It IS ob%nous, howe\cr, that organisms of the vibrio group arc \cry widcl> 
distributed in the waters of this coimtry and arc to be found in such diverse 
sources as hill streams, ram-watcr collections and stagnant ponds 

Biochemical characters of the strains isolakd 

Fermentation reactions The fcnncntation reactions of all the strains with 
mannose, sucrose and arabinose were studied and the vibrios classified 
according to the six tv pes of Heiberg (1935) Organisms of tv pc I formed b) 
far the largest group, comprising C4% of the whole seric-s, 12% onl> were of 
tvpc II, and 1G% of tv-pe VI There were none of tj-pcs IV and V and onlv 
two orgamsms of Iv-pc III The non-fermenting group of tjTic ^'J was sub 
divided into two subtv pes according to the reactions with mannitol and 
glucose Onlv one, no 3b, fennented these sugars, thus falling into subtv pe 2, 
and the others remained non-fennenters of subtv pe 1 The overwhelming 
predominance of tv pe I, to which I ibrio cho^erae belongs, is of interest Tavlor, 
Read Fandit (F'SC), m a studv of the fermentation re letioris of rfc^ntlj 
isolated V ibnos from patients with cholera, earners and water sources in the 
Calcutta area, found tliat onlv 11 4 % of v ibnos isolated from water, belorigf d 
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to type I, -while 87 % •were of type II In a later study of ^ater vibnos m 
Northern Indj/ir Taylor A- Ahuja (1988) foimd that during the cold weather 
strains of type 11 formed only 6 % and type I 28 % The mcidencc of type VI 


Table 1 Waters irwesUgaUdfor the presaice of vtbnos 


No of 


Date of 

Vibrio strains 

■otorco 

Source of water 

sampling 

isolated 

1 

Hampftead Heath dd^ pond (a) London 

10x,45 

1 

a 

Harapetesd Heath nrimmlng pood, Londoo 

10 X.45 

2 

8 

Hampetead Heath dock pond (5) London 

10 X 45 

8a, 8b 

4 

Leg o >Iatton pood Hampttead, London 

16 x.45 

— 

5 

Stream, Golden HUl Park, Landoo 

10. x.45 

— 

e 

Pond Bamet*bypa», Mtd^eaex 

17 x-45 

— 

7 

Fond ilote Mount Golf Courae, Bamet 

17 x.45 



8 

Serpentine lake, Hyde Park London 

28 x.45 

4a, 4b 

9 

Hoond Pond, Kentlngton Gardena London 

23 X 45 

6a, 5b 

10 

River 'Huunea at Westmlntter Bridge, London 

S3.X 45 

Oa Ob 

11 

Focmtaln poed, Trafalgar Square London 

88. x.45 

— 

13 

Horae pood Putney Heath, London 

80 x.45 

— 

18 

Beverly Brook, Ranelagh Ohib 

80 x.45 

7 

14 

Pond 1 Bam ELnu Park 

80 X.4S 

— 

15 

Pond 8 Bam Elms Paik 

80 x.45 

8 

16 

Fond, Convent grounds, Rodtampton 

80 x.45 

— 

17 

River Thamoa at Hammersmith Bridge London 

80 x.45 

9 

18 

Canal, R^ent s Park, Lemdon 

5 ad 45 

10 

10 

Boating lake, Regent s Fade, London 

5.XL45 

— 

SO 

New Rlv'er Paln^ a Green London 

20 xi.45 

llo lib 

81 

Min stream, Boweombe S Devon 

9 xlL45 

13 

28 

Bill spring Boweombe, 3 Devon 

9 xll 46 

— 

23 

Cattle trough, Boweombe, 8 Devon 

9 xikiS 

— 

24 

Spring Bowoombe, S Devon 

0 xlL45 

— 

25 

Rain water from butt, Klngsbridge, Devon 

21 L40 

18a, 18b 18c 18(f 

26 

Pond, Kingsbury Middlesex 

8 U.46 

140, Ub 

27 

Swift stream slate quarry K Wales 

24.ilL46 

15 15b 16c 

28 

Stream Gate of Qwyd, N Wales 

24 Ui 46 

22 

20 

Drinking trough, Llanbedr N Woles 

24 m.46 

10 

80 

North Lake, Kew Gardens, London 

29 tiL46 

17 

81 

Stream Rock Garden Kew London 

29 UL46 

18 

82 

South Lake, Kew Gardens London 

39 UL46 

lOo 10b 

88 

Lily pood In hot bouse Kew London 

29 iii.46 

20a 20b 

84 

River ThanKS at Kew London 

29 IU.46 

21a, 21b 

85 

Roadside stream, Totland Isle of W^t 

23 Iv 40 

28 

80 

Ditch Freshwater Isle of "Wight 

28 Iv 46 

24 

87 

D\iok pond Compton Isle of \Vlght 

28 iv 46 

350. 25b 

88 

Horse pood Yarmouth, Isle of Wight 

28 iv 40 

26 

80 

River Thames at Tower Bridge, London 

22. V 46 

37fl 27b 

40 

River Ihamei at GrecnwloU London 

22.Y 40 

28 

41 

Stream Worcester Park, Surrey 

25 V 40 

29 

43 

River Thames at lUchmood London 

11 vU 40 

800 80b 

48 

River Ihames at Homptoo Court, Surrey 

11 vh 40 

eia 81b 


was also greater forming another 28% of the total as against none in the 
Calcutta senes and 18% m Northern Indian -waters examined during the 
hot weather and monsoon periods In the present senes six out of the eight 
type VI vlbno strains were isolated during the coldest part of the year, between 
the end of November and the beginning of February 
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Cholera-red (C R ) and indole reactions The cholera-red reaction A\as carried 
out on 24 and 4S hr. cultures, m the nitrate peptone broth recommended bj 
Bleisch (1S9S) In the ^hole senes there ^ere onh three positive reactions, 
and all of these appeared at 24 hr Two of the reactmg strams were of Heiberg 
t^-pe I, and the other of tA’pe II In the Indian senes, durmg the hot v eathcr 
and monsoon penods the mcidence of positnes vas about 40%, but m the 
cold-weather senes no positive cholera-red reactors were found among the 
thirt} -two strams exammed 

Indole was produced b> 32 % of the strams, mcludmg the three positne in 
the C R test 

T oges-Proslauer {VP ) test Barritt’s (1936) modification vas used ns being 
more sensitive than the ordman' test and the incidence of positn es nas oO % 

C R strams also reacted positive!} m the V P test, and no Heiberg U pc I 
strain was C.R VP — , a biochemical combmation v Inch is considered In 
Tailor, Pandit & Read (1937) to pro\nde a presumptive diagnosis of the 
serological 0 group I On the other hand, the close parallelism found bj these 
authors between the C R. and V P tests has not been borne out in this series 
Similar reactions were obtained with 27 of the %nbrios and dissimilar reactions 
vnth 23 and, unlike the magglutmablc %nbnos exammed b} them, a number of 
the C R — V P — group are of Heiberg tj'pe I 

Other biochemical tests All strams •were tested for their ability to liquefi 
gelatin, and to produce h} drogen sulphide Only 22 % failed to hqucf} gelatin, 
and 21 % of the strams were found to produce hj drogen sulphide after 3 daj s 
incubation at 37® 


The haemohjsins of the strains isolated 

All strains were tested for hacmohsis at 2, 4, 24, 48 and 72 lir The method 
was similar to that described b} Go\lc (1939), 1 ml of a 5% suspension of 
washed goat cells (packed centrifuged deposit v/i) being added to 1 ml of 
peptone water culture After 2 hr at 37® the tubes w ere rcmoi cd to the 
refrigerator, and the readings taken the following morning 

Approximateh 50 % of the strams proi cd to be hacmolj tic, and of these all 
except tsTo gase a positne reading at 24 hr Grcig (1914) and Go\lc (I't Ji), 
using Indian and Far Eastern strains, both found maximum hflcmol\^ln 
production in 72 hr cultures, but Go\le also found that some of his we ikh 
liaenioKtic strains had lost their Imemohsm during the 3-da\ ptnoil of 
incubation and therefore recommended that tests sliould be rc id at su< ci ssn« 
24 hr. intenals Taalor ei al (1937), m their studs of the ehohra-Idf sibnos, 
used a 48 lir te-st as routine The majorits of the haemohlu strains m rn\ 
senes attained thur maximum IiaemoKstn production at 2t-4S hr and main- 
tained it at 72 lir , and none which was liacmoh tic at 24 hr had lost aetn it> 
at 72 lir On the other liand, one slrun (30o) bfcame haemohlic oiils at 
4S lir and ts o strains (<» and 10), thouerh quite stroagh haenioh tic at I hr , 
were not hrcmohtic at 24 lir Tvo of the st'-ain.s, and Co, s ere found to la 
non-ha<-ino'\*tic Vhen first iso’ .ted, but whm retested ^eierd months hat/r, 
liacmo’% sed goat cells This phenom'non lias been ob-ened In other author^ 



Vibrios xn British 'waters 243 

Thfc haeraolysms of two of the strams eelected as being typical members of 
the senes and strongly haemolybe, were further Investigated and found to 
fulfil the critena required of a true toxin in that they were heat labile, being 
destroyed by heating at C6° for 10 mm^ filterable and antigenic. 

Filterahlity of the haemolynn Greig (1914), m hia original experiments 
filtered haemolytic vibno cultures through Pasteur Chamberland candles and 
testing the filtrates, found that a considerable diminution had occurred m the 
process or m a few cases complete loss of haemolytic activity He concluded 
that the haemolysin producing substance is to a considerable extent non 
filterable* Goyle (1989) used a Pasteur-Chamberland candle a Scitr E.K 
disk and a Berkfcld N filter and collected the filtrates m successive 10 ml 
fractions He found that the haemolysm was definitely filterable, but tended 
to be adsorbed on the filter disks or candles This adsorption was most marked 
with the Seitz disks and least with the Berkfcld N filter though even when 
the latter was used the final filtrate fractions did not attam the haemolytic 
titrea of the unflltcrcd cultures In the present mvcstigotion supernatant fluid 
from a centnfuge<J haemolytic peptone water culture was passed through an 
Elford gradacol filter membrane of pore diameter The filtrate was 

collected in successive 10 mb fractions and tested for hacmolj'Sin m parallel 
with the unflitered culture The first fraction was found to be only weakly 
haemolytic, with a titre of only 1/1 as against 1/612 of the unflitered culture 
the second produced haemolysis at a dDubon of 1/82, and the third was os 
powerfully haemolytic os the parent culture. The superionty of this type of 
filter for the purpose was thus demonstrated and Goyle s claim of the 
filterabihty of the haemolysm was confirmed 

Antxgen\cUy of the haemolystn Using Goyle s method, an anti haemolytic 
scrum was prepared against vibrio 66 and tested against the haemolysins of 
other vibnos m the series The anti haemolytic activity of the serum was not as 
marked as m Goyle s sera, and a senim concentration of 1/10 was required for 
complete inhibition of the haemolysm of the vibno 06 Control senes were 
therefore run with all tests using 1/10 normal scrum from the same rabbit 
It was found that the serum inhibited the haemolysins of all the Bntish water 
vibnos and also that of the only El Tor vibno tested (stram Doorenbos 84D 18) 


Serological characters of the sirmns uolated 
Antisera were prepared against 23 of the Bntish strains (10 against the 
O antigens and 11 against the whole organirras) against the typical cholem 
vibrios Inaba and Ogawa 1077 (O and OH antisera) and against the 0 antigens 
of nme strains representmg as many of Tay lor Ahuja s (1937) Indian vibno 
types from water from camen and patients with cholera 

The agglutmatjon techmque was similar to tliat described by Taylor ei al 
(1937) Suspensions of agar grown vibnos in 0 25 % formol saline were made 
of all the Bntish strains of the true cholera vibnos and of 22 ‘ inagglutmable ’ 
Indian ttrains from vonous sources 

After preliminary selection by slide agglutination tests tube agglutination 
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tests were made with all positive reactors, using serum dilutions bctvccn 
1/25 and 1/25,000 The tubes v ere incubated in a water-bath at 52® for 4 hr and 
readings taken at this term and again after the tubes had stood on the bench 
overnight 

The results of these agglutination tests arc summarized m Table 2 For 
simplicity cross-reactions amounting to more than 15 % but less than 25 % of 
the homologous titres of the sera concerned are recorded by the sign <25 %, 
while those falling below 15 % are entered as negative. It is thought that cross- 
reactions of this order are not sufficiently significant as indices of relationship 
to warrant their more detailed statement 

As indicated m the table, the Bntish water ^^b^os proved to be scrologicallj 
heterogeneous Of the 50 strains only ^l^e (1, 2, 7, 9 and 10) were closely 
related m both their O and H antigens, forming a compact group Tno others 
(14a and 25o) showed a measure of similarity limited to the O antigens, 
another three or four (4a, 6a, 15c and 155) showed relationship restricted to 
the H antigens, and the same was true of the strains 5a and 5b in vhich the 
H antigen appeared to be identical vith, or to resemble closely, that of 
V cholcrae The remaining races vcrc apparently strain specific 

None of the strains reacted appreciably vith cholera O agglutinins and only 
two to as much as 25 % of the homologous titrc with any of the O antisera 
prepared against Indian and Far Eastern vibno tj^pcs — vibrio 22 with the 
O antiserum of \ubrio G30/3T (a Calcutta ‘case’ strain, ‘strain 9’ of Taj lor 
ei al ), and vibno 25c with that of vibrio Nanking 32/124 (also a ‘case’ strain, 
Group II, Gardner & Venkatraman (1935), and ‘strain 0’ of Taylor ct al ) 


Phage sensiUviUj of the stravis 

All the strains were tested, as nascent agar-plate cultures, with droplets of 
concentrated preparations of the Indian cholera phage t} pcs A-L and three 
were found scnsitnc to certain of these 


Strain 5a reacted with phage tj'pe B to gi\c ‘cloudy lysis 


Strain Gc 


Strain 22 


B ,, total clearing 
F ,, partial clearing 

J „ partial clearing 

It „ partial charing 

J „ partial eh aring 


It IS interesting to note tiiat these tlircc strains, 5a, Gc and 22, wen the onlv 
members of the senes to gi\e a positne cholera-red n aetion 


1 wish to thank Major General Sir John Taelor ami Mr P Ilnicc White for tin ir 
inenhiablc encouragement and adeict, and Mi'--' Irene G uninon, Mi^s 1 <ln i S<hult/i 
and Ml'S Mane Prench for their tcehnieal a-.sislancc 
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Nuclear Fusion and Reorganization in a Lactobacillus 

and a Streptococcus 

By K a. BISSET 

Dcparimcni of Bacicrwhgy, Vmvcrstli/ of Birmingham 

SUMMARY There is an apparent cjxlc of nuclear reorganization m Lactobacilhi<; sp 
Nuclear fusion occurs betnrecn the units of a multicellular bacillus The organism 
then increases in length, the nucleoplasm being rcdistnbutcd throughout the resulting 
filament, wluch b 3 ' fragmentation returns to the bacillarj condition A \cr 3 smiilar 
cj'cle IS seen in Streptococcus faccalis 

Although the subject has not been verj-- fully studied, a number of obscnmtions 
suggestive of nuclear reorganization m bacteria lia\ c been made Stoughton 
(1932) and Braun & Elrod (1940) produced strong c\ idcnce of conjugation in 
phiTopathogens Badian (1933) and Ivlienebcrger-Nobel (19i5) described 
a process of nuclear fusion as a prchminarj' to spondation in species of Bacillus 
and Clostridium Although sporulation nas desenbed ns autogamous, it has 
been obser\ ed that bacilli of the tj'pcs studied b.v Badian and IChcnebcrgcr- 
Nobel are usualh’ multicellular (Robinou, 1943, Bisset, 1947), so that it is not 
unlikch that conjugation between the cells of imilticellular bacilli was in fact 
obsers cd 

The regular, if infrequent, occurrence in bactcnal cultures of forms suggests c 
of such nuclear changes, led the author to search for a non-sponng species in 
which their occurrence was sufficientl} frequent to enable tlicin to be studied 
with ad^antagc These requirements were fulfilled liv a number of strains of 
Lactobacillus sp , isolated in almost pure culture from a high proportion of 
samples from carious teeth Obson ations were made ujion 10 different strains 
which, although bs no means identical, were all small, Grnm-positi\e, acido- 
philic bacilli of the general appearance of lacfobacilli In mcw of our limited 
knowledge of the ta\onom\ of this group, further idcntifitation was not 
attempted Observ ations were also made upon a strain of Streptococcu’tfaccaln 
in whicli similar forms were found 
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OBSERVATIONS 

The lactobacflU ■were of Rough morphology they formed ‘medusa head’ 
colonies and possessed the multicellular structure and transverse septa typical 
of this state (Risset, 1988 1947) (PL 1, fig 1) The chromatmic bodies were 
also arranged in the usual pattern of a Rough bacillus, each of the two or four 
cells of a bacillus containing a single body, probably an unresol'wed pair of 
chromosomes 

The bacteria in which t^parcnt nuclear reorganizabon was observed were 
of two main types (1) bacilli fcn which all the puclear material appeared to 
have fused m the central r^on (PI 1 figs 2-11), (2) filamentous organisms 
(PI 1 figs 12-10) In the first type the aixe and appearance of the fused mass 
was ■variable. Usually there was some degree of central constriction, and some- 
times the separate bodies composing it could be distinguished (PL 1 figs 8 
6 10) Most frequently the dimensions were those of a four-celled bacillus but 
some were little bigger than a two-celled bacillus Comparison can readily be 
made in PL 1, fig 2, where one of these forms and a typical four-celled bacillus 
arc lying side by side. It should be noted that the apparent gap between the 
two halves of the latter represents a transverse septum, continuous with the 
cell wall (PI 1 fig 1) The membranous septa which subdivide the two halves 
are better shown m the dividing bacillus on the nght of PI 1 fig 8 In the 
second type the organisms ■vaned in length from a bttle longer than the 
preceding type, to laments apparently umc^ular, and as much as six or 
seven tunes as long The smaller filaments contamed one or more large, 
discrete masses of chromatimc materiaL and occasionally smaller scattered 
masses (PI 1 figs 12-15) In some of the larger filaments the chromatmic 
mat^ial was more evenly distributed, and signs of fragmentation of the 
filament were observed (PL 1 fig 10) 

Similar observabons ^vere made upon a strain of Strep faecalu (PL 1, 
figs 17-22) In this case the original fusion nucleus appeared to consist of 
a longitudinal bar of chromattiue material (PI 1 figs 17,18) The other forms 
which were observed closely resembled those seen m the lacto-bacilli except 
that the lanceolate form of the coccus -was always discermble, and the filaments 
formed were seldom very long (PL 1 figs 19-22) 


DISCUSSION 

It appears logical to assume that a long filament is most probably derived from 
a shorter one, and can become short only by fragmentabon, or by rejeebon of 
a porbon of its matcnaL Shrinkage m length alone is imlikelj It is therefore 
probable that the bacilli "which contam the central mass of chromatinic 
matenal are derived from a normal bacillus (Figs, 1 2) and grow mto short 
filaments In which the chromatmic material is partlj redistnbutcd (Figs, 8 4) 
These are transformed into longer filaments where redistnbubon is completed 
and which return by fragmentation, to the onginal bacillary condibon (Fig 6) 
The process in the streptococcus (Figs 0-10) appears to follow a very similar 

ir-s 
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pattern, although it is not clear whether the fusion nucleus is derived from 
a single coccus or, by conjugation, from more than one A similar process was 
tentatively suggested by Robmow (1944) in lus descriptions of certain tj-pcs of 
cell found in cultures of Eschcrichta colt and Proteus vulgaris His figures appear 
to represent similar forms to those described m the present paper, and he refers 



rig^ 0-10 Suggested interpretntion of nuclcnr rcorpiinltnllon In .sire/? farralin 

(di^g^anlmaUc) 


to the final step, the fragmentation of the filaments, in another publieat 
(1047) The process also bears a resemblance to that dcscnbctl hj Kiien< h( rg 
Xobcl (1045) as a prehmmar} to sporulalion, at least so far as the origi 
nuclear fusion and redistribution is concerned The reduction of clirornati 
maternl which accompanies the actual proce-^s of sponilatiori Ji ts no ohvn 
parallel in the pre-^ent c-i'^c, although it is not impossilile th it it in i\ o< cut 
the process of fragmentation, or In absorbtion of nuclear initinal in I 
cNtnjilasm in the manner dcscrilx-d for Cxjtophatla {Kr7f micni( u si a, 10 i 
This possibilita IS perliaps enh meed b\ the fact tliat the nueh ar n org ini/.it: 
of Cifiop^ccc tal ts pi ICC in a filamentous tsTie o*" cf II It is also roiiec p a 
that the nueVar materi d in the filamentous fomi is not evdiisnelj d' rn 
from the re-distribatioa o^' th'’ fusion nucleus, but tLit sorn' portion an 






Nuclear fuston %n a lactohacxUus 261 

de nmo in the cTtoplasm orirom stractures analogous to a nucleolus Studies 
by the author of these processes os they occur m Gram negative, intestinal 
bacteria (Bisset, 1948) suggest that the chromosomes, which behave through- 
out as paired structures, divide once m the ftision nucleus and once during the 
redistribution thus each chromosome of the three pairs which take part m the 
formation of the fusion nucleus gives nse eventually to a single baciDos con 
taming two pairs of chromosomes InthecaseoftheLudo&ocinussp ,whercthe 
bacallus contains four cells, each with a single pair of chromosomes, the details 
must be rather different, although, where they can be resolved the chromo- 
somes appear to follow a similar general plan 
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Fig 1 LadobadUuM ip preparation of cell walls showing septa. Tannlc-ocM violet. 

Figs 3-11 LaetobaciUxu sp forms sbowing foskm nnckL Add Glrmsa. 

Figs. 12-16 Irfirtotedllus sp., fllamcnto\is forms showing redlftTlbuttoo of nudear materiflL 
Add-GIemia 

Figs. 17-18 Sdeptoeoeeut faecoHM forms sbowiDg fusion nueJd Add-Clemsn 

Figs. 19-23 /ceeolfs fllsmcntotit forms showing redistribatlon of DttdeflTmaterfo] and 

fragmentation of filaments. Add Glemaa. 
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Differentiation of the Vegetative and Sporogenous Phases 

of the Actinomycetes 

3 Variation in the Actinomyces coelicolor species-group 
By DAGNY ERIKSON 

AgnaiUural licscarch Council, liotliamstcd Erpcnnicntal Station, 
Ilarpendcn, Herts 

SUJIiyiARY Vnnation m the Actinomyces cochcolor spccics-group compnscs loss of 
pigment and aerial mj--cclium, and occasional!} of agar hqucfaction Stable rariants 
may anse from degenerate, aged, vcgetati\c mycelium, but do not normally do so 
when the segetative mycchum is kept in sngorous condition by frequent subcultiva- 
tion m suitable media Single spore isolations from the aenal mjcchum of tjpical 
• and of %*nnant colonics show that there maj be inherent differences in the sister- 

spores of tlie same chain Tlius, m an agar-hquef 3 ing stmin 3 of 15 spores had lost the 
power to produce pigment and to liquef}' agar, and an nt 3 picnl colon} of the same 
strain 3aelded three \iable isolates each with a strong tendency towards sectoring, 
with the ultimate production of a colourless, non ngnr-IIqucf 3 ^ng ^nnnnt ns well a*? 
the t 3 Tpical growth A non-ngar-liqucf 3 nng strain, which b}' prolonged culti\ntion m 
the A egetatn c phase had lost its power of producing the red-blue indicator pigment, 
3 ncldod a \anant giMUg nso to sectored colonics with occasional restoration of the 
blue pigment Spontaneous occurrence of TOnants nia} be detected in certain spores 
of the aenal m\cclmm of a well-growii t 3 pical colon}, although it is more rcadil} 
seen in the spores of degenerate colonics which ha\c been rendered at}pirnl b} 
nrtificinl methods of cultnntion 

Much of the confusion existing in the literature concerning the cxlremt 
Aannbiht} of the nctmom}cctes is due to lack of recognition, or, forgetfulness, 
of their peculiar habits of growth The ordinniw' nctinom}cctc colony {Cohni- 
streptothriT Group I OrskoA', Sircptomyccs Vaksinnn) is not a colony in tlic 
bacterial sense, i e it is not an assemblage of disparate cells issuing' from oiu 
or more similar cells, but the filamentous ramif}mg extension of the parent 
cell or cells Morcoscr, when mature, it is composed of two phases the 
Acgclatne substratum nncclium, and the aerial sporogenous iiurdniin 
Recent work b\ son Plolho (Ibto), Khtneberger-Xobd {15tt-7), and Isrdson 
(iniTfi), has confirmed the existence of constitutional difTcrimcs bctwiin 
these phases alrcad} suggested b\ the studies of Orskos (1023) It follows, 
therefore, tliat m a discussion of Aariation such ns the frequent planonuiion 
of asporogenous sectors proiluccd within a single colon}, it is es'>tntiid to 
consider the origin of the inoculum in CAtr} instuKc \\ith\tr} ft\ exceptions, 
this has not been clone bs students of this p irtirular problem 

Jc'iiw '}i/crs coelicolor was selected as tlic test organism for this stud} for the 
following reasons (1) Like mane other saprophvtic ndinonneeti-., it rcadil} 
produce's asiKS-ogenous sectors or discrete sporde-ss colonu-s on ccrLain meiha, 

(2) it is sinkingK pigmented, the rmgf of colours saraing with the pH 
nchit\e-d In the growth of the organism (Oxford, IbtO, Cochrane L Conn, 
IKtr) and then fore (.fielding a partial index of mekdiohc actnil; , (3) ‘oro'- 
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strains are agar liquefying (Stanier, 1942) which constitutes a third variable 
character 

The etrams examined were isolated from Rothamsted soils, and include some 
of those (U 1010 BCAl) studied by Oxford for pigment production Some of 
the agar liquefying strains described by Stamcr were obtained through the 
courtesy of Dr van Niel Of these the strain Waksman 8448 (W 8448) was 
used for detailed study 

MEDIA AND METHODS 

Simple defined media were employed throughout. Routine plating was done 
on Czapek’s sucrose nitrate agar Other media used were the starch tryptone 
agar of Waksman and a substrate containing the Czapck morganio salts 
plus ammonium lactate (1 %) or ammonium acetate (0 6 %) as the sole 
source of nitrogen and carbom All were adjusted to pH 7 0 Sterile soil 
moistened with distilled water was used for mamtcnance of the strams The 
platmum loop was used for mass transfers of vegetative and aenal mycclio. 
From a densely sporulatmg colony a loopftjl may contain an enormous number 
of viable spores as is shown by the following experiment. 

From a 7-day-old culture on starch tryptone, which enhances sporulatlon six 
different loopfols of aerial mycelium were taken and suspended In separate 5 ml 
portions of sterile saline run out In aerial dilutions, and plated. In the 1/848 000 000 
dilation one colony appeared on each of five plates, and three oolonies on the sixth. 
Owing to the difficulty of making homogeneous suspensions of the not easily wettable 
spores (EriksoQ 1047 a) this does not neceesarily mean that every loopful contained 
as many mHlioa spores os the numbers imply 

For small mocula, finely drawn out capillary pipettes were used for seeding 
the plates with droplets of spores and to the suspending flmd was added 0-1 % 
of a commercial detergent, which had been proved to have no toxic effect on 
viability From time to time m the course of the expeaimcnts such droplets 
were incubated In moist chambers with a drop of nutrient broth, and the 
number of developing spores observed microscopically The number vaned 
from 1 to 20 or even more, according to the strain the age of culture, and 
medium. Despite vigorous shakmg of the suspension it was sometimes foimd 
that conidial chains remained mtact. Simultaneous germination of two three 
or more numbers of such chains of varying length was observed m 90 cases 
as against 898 instances of germination of detached smgle cells 

It IS clear therefore, that even with these precautions there can be no 
guarantee that the colonies on one plate arc denved from a similar number of 
dements Later with the kind assistance of Dr de Fonbnme of the Pasteur 
Institut, Garches the sifter-spores of separate chains were isolated by means 
of his pneumatic micromampulator (de Fonbnme, 1087) 

RESULTS 

Vegetative tnyeehum as tnoculum 

In the course of 8 years continuous subculture and observation of 10 different 
Isolates of A eoelieolor occasional smooth sectors (i e apparently dooid of 
aenal mycelium) were seen many times m colonies on the routine media. Such 
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vegetative grovth vas dissected and streaked across fresh plates, and m the 
majority of instances tj'pical growth with abundant aerial m\cclium occurred, 
if not m the first, then in the second, subculture The most striking example 
was that of a culture of stram U 1010, which on Czapek glucose-nitrate agar 
produced an abnormal smooth orange growth, resembling that of a pro- 
Actinomyccs This strain was grow-mg in a flask of sucrose-alanine medium, and 
failed to produce the soluble blue pigment. llTien this seemingly pure \ egctatii c 
growth w as streaked on Czapek sucrose-nitrate agar, it grew as characteristic 
colonies bearing grey-white, and occasional drab fawm sectors of aerial mycelium, 
and produced a limited amount of blue pigment Further subculture yielded 
uniform typical growth On careful microscopical examination of the original 
smooth orange growth, however, it was found that there were occasional aerial 
hyphae, undinded into spores, often no larger than minute buds, a deiclop- 
ment exactly similar to that which can be seen m man}' of the pro-actmo- 
m} cetes (cf Jensen, 1932) 

To secure an inoculum in the purely vegetative phase, the aerial mj cchum of 
cultures of each of the 10 isolates was washed off with phosphate buffer from 
a 7-day growth on cellophan over starch-trj'ptonc agar, to minimize the effect of 
imtial medium, and then dried on sterile co^e^-sllps 9 days in vacuo, to obtain 
sunnal of spores only The resulting spores were subculturcd m Jiiitncnt 
glucose broth, where they fell from the cover-slip to the bottom of the tube 
and produced ^ egetatn e mycclia in 3-5 dajs This culture was subculturcd in 
the same medium c^cn, few days for 3 months, this constant subculturing in 
tall tubes containing 10 ml of protcin-containing media favours profuse 
growth which, since it is not allowed to reach the surface, is unable to produce 
aerial mjccliimi Parallel sets of nutrient glucose broth cultures were left 
unsubculturcd for the 5-month period 

Of the 10 frequently subculturcd strains in the ■\cgctati\c phase, scicn 
produced uniform characteristic growth on plating on Czapek nitrate sucrose 
agar Strain 11 jicldcd 24 colonies of which one produced onlj the jtilou 
precursor to the red insoluble pigment The progenj of this colon} were t} pical 
blue and \cllow colonics in about equal numbers Strain Ph-C ga\c 20 small 
colourless colonics, fi\c large ts pical blue colonies, and one small purple oni. 
Strain pn-R2 was similar, but four of the small colonics had red pigincntfd 
sector' .Ml bore more or less abundant aerial m\ cchum On further sub 
culture none of the sanants prosed to be stable 

When the 5-month old cultures were examined, onlv four of the strains still 
shon cd bottom s cgetatis egrow tli Thcotlwrs had some surfai c atrial ms c( hum 
Subculturcd on \anous plate ineiln, each strain produced a high proportion 
of non-pigmented or \dln\% to reddish purple colonics, often with wetors and 
vithoiit renal nn cchum One «mooth red tolonv from stram pIf-R (1)^< \ a> 
selected fo- detailed examination For thf first ti o sul)cultut< s it product fl n 
mixture of t% pical pigmented spo’ing coloni* s and of colourh'ss or reddish sport 
Ic'S co’on c-s So .Ting from th'^'-c simullanroush , on th* l\ o h det , of a pi dt, 
each of th'-t tepees then bral true on all dffmtd iimdia for ostr a \ t vr 
But nucro-'cop calob'-C'xationofrlmo.tan} o'‘th-- rpp-’fenth Tmocdhtolo 
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revealed that there were soine aeiial filaments usually undivided, just ns in 
the orange growth of U 1010 noted nbavc. The loss of the power to produce 
aenal mycelium was not complete. 

This was finally proved by growing the non-sponng variants in sterile soil 
for 2-4 weeks Crumbs of the inoculated sod became covered with typical 
aerial spirals subdivided mto spores and on replatmg this property was 
retamed. The power of pigment production, however was not usually restored 
by passage through sod. Nevertheless this could not be regarded as entirely 
lost. Occasional bacterial and fungal contaminants producing respectively an 
alkaline and an acid pH, induced blue and red coloration of the actmomyccte 
growth in their respective vicinities. The colourless colomes had evidently 
elaborated the precursor to the pigment, although they were unable by their 
own metabohe activity to establish the requisite pH for its manifestation. 

The vegetative bottom growth from a variety of other media was also tested 
for uniformity on the routme solid media. These media, adjusted to pH 7 0 
contained ammonium phosphate as the source of N the usual Czapek morganic 
salts, and 1 % by weight of each of the foUowmg substances sucrose, glucose 
lactc«e, fructose, maltose, glactcwe arabmose, raffinose, xylose mannitol, 
sorbitol, dulcitol salicm, midm, starch tartaric, succinic, unc, citric, malic, 
acetiCt lactic acids cellulose (not weighed) In the form of strips of pure Swedish 
filter paper Xylose, dulatol tartrate, and citrate did not support growth. 
From all media that supported good growth, characteristic uniform colonies 
were produced on platmg Where the growth was poor as with arabmose, 
malate, and acetate, there was a tendency towards sectoring All sttams 
behaved more or less sunilariy 

The effect of a high concentration of Ca ion (CaCl* 25 g /I ) was also tested 
in the nitrate-sucrose medium recommended by Foster McDomel Woodruff 
& Stokes (1945) for the production of fruiting bodies in submerged cultures of 
P noUdum In this substrate growth was poor and the filaments showed an 
abnormal d^rec of condensation of the protoplasm in densely staining blocks 
as well as tluckening of porhons of the cell walls. Yet on platmg on starch 
tryptone agar typical colonies were obtained 


Aenal myeeltum as inoculum 

Commencing with the same material as was used for the experiments in 
liquid media, namely, dried washed spores on cover slips, plates were seeded 
with droplets of the spore suspension and subcultnred regularly during the 
5 month penod. The same general phenomena were observed. The dominant 
colony was that characteristic of the species it bore spirally coiled aenal 
mycelium abimdantly divided mto spores produced a red insoluble pigment 
in the vegetative mj^»hum and a blue soluble pigment that diffused into the 
medium as it became alkaline. From time to tune many variants were 
observed on the plate, colourless, pale pink, red, purple, with ydlow, orange 
Qj. green reverse varying greatly in size, and having no aenal mycchum or 
very httle, mostly not divided into spores On gubculturc these variants 
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frequently produced suwlai mixtures, but also some of the dominant 
colomes Mass transfers of typical growth usually yielded uniform growth on 
plates 


Monoconidial tsolcdes 

Micromampulator isolations were made from four different types of colony, 
two each from two different strains 

(1) A typical well-sporulated, vigorous, blue-pigmented, agar-bquefymg, 
colony of W 8448 

(2) A poorly sporulated, yellow-pigmented, sectored, non-agar-liquefymg 
colony of W 3448, of the same age, and on the same medium as (1) 

(8) A well-sporulated, vigorous, yellow-pigmented colony of the variant 
Ph-R (l)h, which for a year had been kept almost entirely sporeless and 
colourless, but which after passage through stenie soil had recovered the power 
of producing aerial mycehum, and to a shght extent that of pigment production 

(4) A poorly sporulated, colourless, sectored colony of Ph-R(l)h, of the 
same age, and on the same medium as (8) 

The spores were incubated m droplets of nutrient glucose broth in the oil 
chamber of Comandon & de Fonbrune (1988) Not all were viable There were 
also observable differences m the rate of germination From (1), three chams, 
1/1, 1/2, 1/8, were isolated and the sister-spores separated and cultured 
simultaneously imder identical conditions 
1/1 six spores, two {a and b) viable, 

1/2 eight spores, eight (a-h) viable, 

1/8 eight spores, five (a-e) viable 

When seeded on Czapek nitrate-sucrose agar for ten generations, the 
following results were obtained' 

1/1 a uniform characteristic growth, 

1/1 b uniform growth, but only yellow pigment, no agar liquefaction, 

1/2 a uniform characteristic growth, 

1/26 a colourless, non-agar-hquefying variant obtained, breeding true 
for 80 generations (PI 1, fig 1-8) . 

l/2c, l/2d, l/2e, 1/f all umform charactenstic growth, 
l/2g a variant similar to 1/26, 

1/2 /i umform characteristic growth, 

l/3a-l/3e all five spores yielded imiform charactenstic growth 

Thus, of the 15 strains derived from spores taken from three separate chams 
from a welj-grown colony, 12 produced the charactenstic growth, and three 
had lost the power to produce pigment and to liquefy agar 

From colony 2, tvo chams were isolated 

2/1 twelve spores, two (a and 6) were viable, 

2/2 eight spores, one (a) uas viable 

All three isolates tended strongly to grow' in sectored colonies with loss of 
pigmentation, mcomplete sporulation, and inability to liquefy agar Ultimately, 
two separate vanants, correspondmg to those shown m PI 1, fig 1, were 
obtamed from 2/1 a 
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From colony 8 two chains were isolated 
8/1 eight spores, six (a-/) were viable 
8/2 eight spores eight {a-h) were viable. 

Only one, 8/2/, of the 14 single spore strains varied, producing colourless 
spordess and blue pigmented sectors. The rest produced good aenal mycelhim 
and varying degrees of yellow pigmentation on the reverse of the colony as in 
the parent culture. 

From colony 4 two chains were isolated 
4/1 eight spores four (a-d) were viable. 

4/2 four spores one was viable 

All five isolates yielded poor growths with a marked tendency towards 
sectoring colourless, with sparse aerial mycehum with yellow to reddish 
pigment, and irregular aenal mycehum. In no instance was the typical, well 
sporulatcd bluc-pigmented colony obtained. 

Sector pToduchon 

The suggestion that multiple sectored colonies arise from more than one 
comdium which has frequently been made (Stanier, 1942) has not been 
substantiated. This is shown in PI 1 fig 4 ^ was seeded with the 
colourless non agar hquefying variant 1/2 fc and B with a culture typical of 
the parent stram W S448 both denved from the some single spore The central 
portion was seeded with a mixture of spores from 1/26 and the typical growth. 
The appearance of the mixed colonies was the some as that of the typical 
growth, as regards aenal mycelium pigment production, and a slight degree 
of agar hquefachon Multiple colonies could be seen, but they were uniform 
not sectored- Further experiments were made, growing 1/26 and the typical 
stram separately and mixed m liquid media and in soil, and then plating both 
mixed suspensions of spores from the separate growths and suspensions of 
spores from the mixed growth the resultant colonies could not be distinguished 
from the dominant typical colonies 

DISCUSSION 

If we disregard all the terajxirary variants manifested by the dilTerent shades 
of pigmentation and varyingly efficient degrees of sporulation, the mam 
variable characters to be considered ore pigment, aerial mycehum and agar 
hquefaction. 

Complete loss of pigmentabon was roaintamed during 1 year’s frequent 
subcultunng with stram Eh-R(l)6 denved from the vegetative mycelium of 
a 6 month old broth culture. Simultaneous!) the power of producing aenal 
mycehum was so very greatly dmunished, that to the naked eye the myccimm 
appeared to be sporeless 

Vegetative mycelium in a vigorously growing state produced only occasional 
variants with temporary loss of these two attnbutes whatever the liquid 
medium m which it was grown. It is clear therefore, that it is the degraded 
condition and dimmution of vigour mduced by artificial means which bring 
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about the vanation by loss This is confimied by miciroscopical examination 
of such aged mycehum, which shows an extraordinary degree of beading, 
segmentation, and vacuolation of the filaments, and only very small portions 
of which proved to be viable, and by the fact that passage m soil, a natural 
habitat, restores the property of producing aerial mycehum, and to a shght 
extent that of pigmentation. Normally, then, the vegetative mycehum 
reproduces its kind 

Analysmg the results of culturmg the single spores of two different t 3 rpes of 
colony m two separate strains, we find that a higher proportion of spores were 
viable and their progeny more stable m the case of the two vigorous, well- 
sporulated colonies 1 (W 8448), and 8 (Ph-R(l)i) The less well-developed 
parent colomes, 2 (W 8448) and 4 (Ph-R(l)&), which already showed dimmu- 
tion m aenal mycehum production and httle or no pigmentation, yielded 
a lower proportion of viable spores whose progeny was marked by sectoring 
and instabihty This accords with expectation, but m the tune available the 
numbers of smgle spores isolated were not large 

Nevertheless, variation can occur withm a homogeneous population m a 
vigorous state of growth Thus, m the variant 1/25, the typical pigmented, 
agar-hquefymg colonies on one half of PI 1, fig 1 are stnkmgly difi’erent from 
the equally vigorous, even larger, colourless, non-agar-liquefying colomes on 
the other half Yet all are the progeny of one spore There is also a difference 
in the degrees of brittleness and non-wettabihty of the aenal mycehum m each 
case, the non-pigmented vanety bemg more easily detached and considerably 
more resistant to the action of wettmg agents (see Enkson, 19475, also Velu, 
Comandon, dePonbrune, Janot, Penau, Mainil & Bouet, 1947, on monocomdial 
isolates of P notatum) Six of the sister-spores of the same cham produced 
only the t 3 rpical growth One must conclude that there is an inherent tendency 
for a given mutation to occur more frequently m one clone than another 
The linkage of pigmentation with agar-hquefaction is not quite complete 
Passage of the colourless 1/25 in soil restored a very slight degree of pigmenta- 
tion (occasional yellow-green patches), but not that of agar-hquefaction As 
Braun (1947) has pomted out, many hnked characters can be attributed to one 
basic change only, or to a smgle mutation at different levels of gene-controlled 
processes, or to the influence of one mutation on the rate of occurrence of 
another mutation The mechamsm is not yet clear 

The tendency of some spores to produce colourless variants is commonly 
masked by the pigmentation of the dominant parent strain, as is shoivn by the 
experiments with the mixture of spores from the two types of 1/25 Schaal 
(1944) also has illustrations of colourless and pigmented vanants from a single 
spore of Actinomyces scabies 

This work was earned out by the author as a member of the scientific staff of the 
Agncultural Research Council 

I wish to thank Dr H G Thornton, F R S , for suggestions, and, together with 
Mr Stansfield, for takmg the photonucrographs. Dr P dc Fonbrune for hospitality, 
instruction, and assistance in makmg the micromampulator isolations , and Miss Enid 
\Vilsher for techmeal assistance 
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EXPLANATION OF PLATE 

Fig 1 Thetwovmriants of l/t&dctlved from oneipoTO} (^) colourkss, non agar liqaefytngj 
(B) blue-plgmented, agar liquefying 

Fig 2. Discrete colony from (B) In Fig 4 the aerial myceHum is ookmrkss, the mhrtrn tnm 
mycelium Is red and a ring of soluble blue pigment has dUfosed Into irw^hrm. x 16. 
Pig a. Part of a dbercte cokmy from (ri) In Fig 4 sbowingdUferentdbposIUonofcolouTkss 
serial mycelium. 

Fig 4 The two variants of l/2I»,(^) and (B)sbown la Fig 1 and (C) a mbeture of the two 
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The Action of Lysozyme on Heat -killed Gram -positive 

Micro -organisms 
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SUMMARY The change m the Gram staining reaction which occurs wlien hcat- 
killcd Gram-positive Clostridium welchn and Staphylococcus albus are incubated with 
lysozyme is due to the removal of the ribonucleic acid component of the Gram complex, 
and IS brought about by the hydrolysis of certain sugar hnkages in polysaccharides 
located at the cell surface 

Lysozyme, the enzyme m egg-white which lyses living suspensions of susceptible 
saprophytic micrococci, particularly Micrococcus lysodeilcticus, has been the 
subject of numerous investigations since its discovery by Fleming m 1922 
These have been reviewed by Mesrobeanu & Noeppcl (1988) and by Thompson 
(1940) The enzyme is a basic protein or polypeptide of molecular weight 
18,000-25,000 containing about 16 % nitrogen and 2-8 % sulphur (Abraham, 
1989 , Thompson, 1940) The isolation and purification of lysozyme has recently 
been improved by a procedure which includes direct adsorption of the enzyme 
from native egg- white on to bentonite, followed by elution with 5 % aqueous 
pyndme adjusted to pH 5 with sulphuric acid (Alderton, Ward & Fcvold, 
1945) 

The first attempt to study the action of lysozyme was made by Meyer, 
Palmer, Thompson & Khorazo (1980) Unfortunately, the authors used an 
enzyme prepared from a Sarcina sp susceptible to egg-white lysozyme and 
which had properties similar to the latter enzyme, but which might have 
contained an autolytic enzyme system of the Sarcina The enzyme had a 
specific action on the sugar hnkages of certain carbohydrates containing amino 
sugars, thus supporting an original suggestion of Hallaucr (1929) This finding, 
however, may not apply to lysozyme of egg-white Epstein & Cham (1940) 
isolated a polysaccharide fraction from the cell bodies of ilf lysodcildicus and 
other sensitive bacteria which was hydrolysed by lysozyme with production of 
N-acetyl hexosamme The polysaccharide was found m all organisms sensitive 
to lysozyme, the largest amount being present m Bacillus subhlis, an organism 
which was killed, but not lysed, by lysozyme Meyer & Halmc! (1940) con- 
firmed the fact that lysozyme hydrolysed a carbohydrate fraction isolated 
from sodium hydroxide extracts of the susceptible organisms. Meyer (1940) 
explained lysozyme action in terms of the hydrolysis of a mucopolysac- 
charide m the bacterial membrane This mucopolysaccharide, which appears 
to be firmly bound to the bacterial membrane, is first dcpolymcn/cd by 
lysozjmc with consequent w ater imbibition by the organism and disorgani- 
zation of the cell Autolytic enzymes, active after the death of the organisms, 
were considered to be responsible m part for the clearing of the bacterial 
suspension 
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It is possible that heat mactivatioii of the atitolytic enzyme systems may be 
of greater significance in explaining the resistance of killed cells to complete 
lysis by lysotym^ than the fact that c^ular proteins are rendered insoluble on 
heating (cf Fleming & AHison 1&22) LytisoTbactenabylysozymeispreceded 
by the conversion of the Gram positive to Gram negative forms (Meyer 
1946) this also occurs when suspensions of heat knied cells are mcubated nvith 
lysozyme, Thompson & Dubos (1088) showed that the first stage of the 
autolysis of a rough Type n pneumococcus namely its conversion from Gram 
positive to Gram negative without disintegration of cellular structure, was 
accompamed by the hberabon of a nbonucleoprotem and ribonucleic acid 
More recently, Henry & Stacey (1946) have shown that smtable Gram positive 
cells can be rendered Gram negative by extraction with sodium cholate solution 
at 60® The bile salt extract contained inert carbohydrate, traces of protein and 
hpids, and magnesium nbonucleate. The residual Gram negative cdls after 
treatment with suitable reducing agents such as dilute fonnald^yde In 0 86 % 
salme, could be recombmed with the magnesium nbonucleate extracted from 
the same and other micro-organisms, to become Gram positive again. It was 
also shown (Henry, Stacey & Teece, 1045) that a nbonucleoprotein was released 
during a relatively short autolysis of Closindium welchxt 
Enzymes have been obtained from pancreas (Kunitz, 1040) end from 
leucocytes (Dubos & MacLeod, 1988) which convert killed Gram positive cells 
to the Gram negative state these enzymes have m common the property of 
hydrolysing ribonucleic acid. Furthermore one of the eutolybc enzymes of 
Gram positive micro-organisms which converts the cells to Gram negative 
forms also has this property (Jones Stacey & Webb, 1948) The results of Spanier 
& Denbas (1987) in which It was claimed that egg white lysozyme contamed 
a nucleotidase active against yeast nudde acid and which conditioned the 
bacteriolytic properties of the enzyme, therefore attain a greater significance, 
'These results which do not appear to have been mvestigated further were 
unfortunately obtamed with impure enzyme preparations which hydrolysed 
with liberation of inorganic phosphate. 

In the light of the more recent information concerning the structure of the 
Gram positive complex, and of the liatare of enzymes capable of affectmg the 
conversion of Gram positive cells to Gram negative forms it was of interest 
to examme the reactions which occur when such a change is brought about by 
the action of lysozyme on killed cells 

EXPERIMENTAL 
PreparaUon of lysozyme 

Lysozyme was isolated from egg white according to the method of Aldcrton 
d al (1945) Owmg to the scarcity of the starting material no attempts were 
made to crystallize the cnzjTne The activity of the preparations, as delcnmned 
by the method of Goldsworthy d. Florey (1080) against Af lytodakiieus 
ranged between 5000 and 0000 lysozyme units/mg The enzj — — i-*.— 
contamed 1 mg of the lysozyme/mL 
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Action of lysozyme on heai-hiUed Gram-positive organisms 

Preparation of heat-killed cells Cultures of Cl veelchix "were grown anaerobically m 
2 % peptone-glucose broth at 87® The cells were harvested in a Sharpies 
centnfiige after 18 hr incubation Streptococcus faecalis and the strains of staphylo- 
cocci and micrococci were grown on 2 % peptone agar m Roux bottles at 37® and were 
removed m distilled water after 24 hr The strains of Staphylococcus aureus used were 
recently isolated from human pathological specimens , the micrococci were saprophytic 
organisms isolated fiom the atr and skm 

The centrifuged organisms were washed with distilled water, resuspended m 
distilled water and killed by heating at 80® Killed cells, especially those of C7 xcelchii 
prepared by simply immersing a suspension of the Gram-positive bacteria m a water- 
bath at 80° for 80 mm , were unsuitable smce stamed smears revealed the presence 
of a variable percentage of Gram-negative forms The procedure finally adopted was 
the ‘flash sterilization’ method of Dubos & MacLeod (1938) m which a small volume 
of bacterial suspension is rapidly added to a large volume of distfiled water at 80° 
After 30 mm at this temperature the suspension is cooled, centnfuged and the cells 
resuspended m distilled water 

The fact that Gram-positive cells m aqueous suspension readily pass to the 
Gram-negative state when heated at 80® suggests that the eomponents of the 
Gram-positive complex may be loosely bound In general, the quanbty of 
lysozyme required to convert heat-killed Gram-positive cells to the Gram- 
negative state was considerably greater than that required to lyze hving 
suspensions of 31 lysodeikltcus The method finally adopted was as follows 

A suspension of the killed cells was added to lysozyme solution (0 5 ml ) 0 2 m 
phosphate buffer pH 7 O (1 0 ml ) and physiological sahne (8 5 ml ) so that the final 
opacity approximated to no 10 on McFarland’s (see Kolmer, 1925) standard banum 
sulphate scale The same volume of the cell suspension was added to a control tube 
containmg 0 2 m phosphate buffer pH 7 0 (1 0 mL) and physiological sahne (4 0 ml ) 
Toluene (0 1 ml ) was used as preservative smce it has no effect on the activit}’’ of 
lysozyme (Flemmg, 1922) The tubes were corked and mcubated at 87° After 
appropriate periods, the suspensions were centnfuged and dupbcate smears stamed 
by the Gram method, the approximate percentage of Gram-negative cells was 
estimated visually 

The results (Table 1) show that all the killed Gram-positive organisms, with 
the exception of yeast, became more or less completely Gram-negative 
Suspensions of Strep faecalis and Staph aureus (Thompson) were also caused 
to flocculate A similar efl'ect, which has been attnbuted to adsorption of the 
enzyme by the bacterial cells and to tbeir particular colloidal structure, has 
been observed with suspensions of hvmg organisms (Friedberger & Hoder, 
1932, IGemparskaya, 1939) The Gram-negative cell bodies remammg after 
the action of l 3 ^sozyrae were m all cases readily dissolved by trypsin which vas 
without effect on the mtact Gram-positive orgamsms 

Smce saproph 3 i;ic bacteria are, m general, regarded as bemg more susceptible 
than pathogemc orgamsms to Ij’-sis bj' Ijsozjme (l\Iesrobeanu Noeppel, 1938, 
Thompson, 1940), it is of mterest that the heat-killed cells of the pathogenic 
strains of Staph aureus were as susceptible to the action of Ijsozjme as were 
the saprophjtic micrococci Furthermore, strains of staphylococci reported 
to be resistant to the action of tysozjme, i e Staph albus (Epstein & Cham, 
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1940 Thompson & Khorazo 1985) and Siaplu oureiu (Thompson & Khorazo 
1985) were as susceptible m the killed state to the acbon of lysozyme as the 
killed cells of the readily lysed Staph, cttreus (Thompson & Khorazo 1085) 


Table 1 Adwtty of lysozyme tn converting htat killed Gram-postUve 
ceUs to Gram’negaltve forms at pH 7*0 

Approx. % Gram-Degative ceD* 


Orgaaisni 

DoratloQ of 
crp (hr) 

Lyaoxyme* 
treated celb 

Control 

CL wtlcMi (S) 

24 

100 

SO 

CLreeleMi (R) 

24 

80-100 

0 

Strep laeceU$ 

72 

lOO* 

20 

Staph, cifreua (BO) 

72 

80 

20 

StapK albtte (0238) 

24 

100 

20 

Staph ttwreua (llujinp*on)t 

72 

80* 

20 

Staph aureus 482t 

06 

100 

80 

8Clt 

00 

100 

80 

TOOf 

00 

70-80 

SO 

805t 

00 

100 

50 

Afieroeoecia ip 475 

00 

50-60 

10 

<Ma 

00 

100 

0 

470 

00 

lOO 

0 

467 

90 

70 

0 

Saechanmyees etrevisiae 

73 

0 

0 


120 

0 

0 


108 

0 

0 


* Fbeculatioo. f Pathogenic utralnt 


The pH optimum for the action of lysozyme on heat killed Qostndium welchu 
and Staphylococcus albus 

The lysozyme solution (0*6 ml ) in physiological salme (8 5 mh) was bufTered 
to various pH values with 0 2 u acetate (pH 2-6) or 0 2 i! phosphate (pH 7-10) 
solutions (1 0 ml ) A mufonn, washed suspension of the heat killed Gram 
positive organisms (0*5 ml ) was added to each tube of the senes After 48-72 hr 
incubation the suspensions were centnftiged and duplicate stained smears 
prepared The results (Table 2) show that with each organism the conversion 
to tiie Gram negative state was optimal at pH 0 This value agrees closely with 
that (pH 6 2) determmed by means of the Moll cxtmctiomcter as the optimum 
for the lysis of suspensions of Af lysodeiktteus by the enzyme (Boasson 1038) 

The action of lysozyme on ribonucleic aad 
In view of the claims of Spamer & Dcribas (1987) that lysoijTne contams 
a nucleotidase, and of the fact that enzymes which hydrolyse nbcmuclelc acid 
also convert killed cdls from Gram positive to Gram negative lysozyme 
preparations were exammed for ribonudemase activity 

Lysozyme preparations (0 6 ml ) were examined for hydrolytic acti\nty 
against 0*1 % (w/v) sodium nbonuclcatc (2*0 ml ) m 0 2 m acetate bufrer 
pH6 0(1 5ml ) by the method of Da\idson tWaymouth(1944) Theimchanged 
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nbonucleic acid precipitated by MacFadyen’s uranyl acetate-tncbloroacetic 
acid reagent aftet incubation with the enTyme was centrifuged down after 
6 hr , washed with 0 125 % (w/v) uranyl acetate ui 1 25 % (w/v) trichloroacetic 
acid and analysed for total phosphorus by Allen’s (1940) colorunetric method. 

Table 2 Vanations with pH in the action of lysozyme on heat-hilled Gram- 
positive aostndium welchii {S) and Staphylococcus albus 9288 

Approx % Gram-negative cells 


pH 

Cl wdchxi 

Staph albus 

20 

10 

80 

80 

20 

80 

40 

SO 

50 

60 

70 

100 

60 

100 

100 

70 

90-100 

90-100 

80 

90 

90 

90 

90* 

80 

10 0 . 

60-60* 

60 


Duration of experiment 48-72 hr 
* Cells gelatinous m character and emulsified with difficulty. 

Table 8 Ewamination of lysozyme for nhonucleinase activity 

Time of Phosphorus content (mg ) of nbonucleic acid precipitated after 
mcubation mcubation with lysoisyme preparations 

at 87“ . ' 


(hr) 

B1 

A1 

A2 

A4 

E6 

L4 

L5 

0 

0 083 

0 048 

0 048 

0 050 

0 087 

0 052 

0 035 

1 0 

— 

0 047 

0 046 

0 058 

— 

— 

— 

1 5 

0 083 

— 

— 

— 

0 086 

— 

— 

20 

— 

0 050 

0 046 

0 049 

— 

0 068 

0 084 

5o 

0 090 

0 040 

0 046 

0 049 

— 

— 

— 

8 6 

— 

— 

— 

— 

0 087 

— 

— 

4 6 

• — 

0 050 

0 045 

— 

— 

— 

0 038 

60 

0 082 

— 

— 

— 

0 085 

— 

— 

6 0 

— 

0 046 

0 045 

0 049 

— 

0 049 

— 

65 

0 084 

— 

— 

— 

— 

— 

— 

80 

0 088 

— 

— 

— 

— 

0 051 

0 035 

240 

— 

— 

— 

— 

0 088 

— 

— 


The colours were compared m the Spekker adsorption photometer, usmg Ilford 
608 filters The results (Table 8) show that lysozyme has no ribonuclemase 
activity 

Liberation of reducing sugar during ike action of lysozyme on heat-hilled cells 

Although only relatively small mcrcases m reducing sugar were obtained in 
these determmations, the Schaffer-Hartmann (1920) method of analysis used 
in conjunction with the recently descnbed starch-glycollate indicator (Peat, 
Bourne & Thrower, 1947) gave accurate and reproducible results Somogyi’s 
(1987) modification proved unsatisfactoiy, as changes occurred m the standard 
alkalme copper solution on standmg. 
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Control experiments showed that no liberation of reducing substances 
occurred when lysozyme solutions or suspensions of killed were incubated 
alone. When, however, suspensions of killed cells were mcubated with lysozyme 
until Gram negative, small amounts of reducing sugar were hberated (Table 4) 
as shown by the following experiments 

Staph, aUnit The cells from 20 Koox bottles of a 24 hr culture of the organism 
(«>2 5-8g dry cells) were removed In distilled water and killed by the flmih 
sterilization methoi The washed cells bx dlsUDed water (SO mb) were added to 
0*2 SI acetate buITerpH 6^0 (00 mb) and lysozyme (45 mb) and the resulting suspension 
Incubated at ST® In the presence of toluene (5 mb) At suitable intervals during the 
change from Gram positive to Gram negative samples of the suspension were with 


Table 4 Libfraiion of reducing tugar during the conxfcrsion of heat killed 
Gram-postiwe Staphylcxjoccus albus and Clostridium welchu io Gram 
negative forme by lysozyme 

Total reducing sugar (mg as ghiome) liberated 
during the aetkm of lysozyme on heat IdDed 


lime (hr ) 

Staph aUjut 

Staph, oZius 

CLvnlAit 

0 

0-00 

0-00 

0^» 

21 B 

— 

— 

2 30 

22-0 

0-S4 

— 

— 

45 -0 

... 

235 



47-0 

1-06 

— 



70-0 

— 

2-72 

— 

W-0 

a 57 


_ 

100-0 

— 


4-01 

120-0 

8 M 

— 

.... 

178-0 

4-74 

— 

— 


drawn and centrifuged at high speed (0000 r pjn.) until the supernatants were clear 
and free from cells. The reducing sugar (as ghi0O9e)/5 mb (Table 4) In each solution 
was then determined by the SebafTer Hartmann method. 

CL welehii The fwO* from 000 mb of an IS hr broth culture (^0*8 g dry cells) 
were collected (centrifuge) washed with dlstOJed water and killed by the flash 
sterilization method. A suspension of the cells in distilled water (80 mb) was added 
to ly so zym e (5 mb) In O'!] sc acetate bufTer pH 6 0 (15 mb) and Incubated at 87® in 
the presence of toluene (2 ml ) Analyses for reducing sugar made during the con 
venlon from Gram positive to Gram negative as described above, yielded the results 
recorded in Table 4 . 

Action of lysozyme on the specific carbohydrates of Staphylococcus mtreus (B 9) 
and Clostndhun welchil 

The carbohydrates used were crude preparations isolated by procedures 
which, m the case of the staphylococcus did not destroy the Gram staining 
properties of the organism, and, m the case of G rcelchti did not destroy the 
r4>11n1ftr structure, ^though the Grom reaction became negative. The poly 
saccharides may, therefore, be considered as surface components of the 
bacterial cells 

The carbohydrate from Staphylococcus citreus (B 9) Of tho several methods 
investigated for the isolation of the polysaccharide, namely extraction with 

i8^ 
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0 05 N sodium hydroxide at 60°, 0 06 n hydrochloric acid at 100° for 80 mm 
(Julianelle & Wieghard, 1985), 2 % sodium cholate at 60° and distilled water 
at 100° for 5 hr , the last was found to give the best results The procedure 
was as follows 

The growth from 20 Roux bottles of a 48 hr culture of Sfaph citreus ( = 2 5-8 g 
dry cells) was removed m distilled water {200 ml ) The suspension was filtered 
through glass-wool and then centrifuged The cells were washed twice with distilled 
water, suspended m distilled water (100 ml ) and heated for 5 hr at 100°, cooled and 
centrifuged Acetic acid (5 n) was added to the supernatant to brmg to pH 3 5 and 
the resultmg precipitate removed (filtration) after 2 hr Sodium acetate (1 g ) was 
dissolved m the filtrate and the crude polysacchande precipitated by the addition of 
ethanol (4 vols ) After 24 hr the precipitate was collected (centrifuge), suspended 
m distilled water (50 ml ) and 50 % (w/v) tnchloroacetic acid (5 ml ') added The 
precipitate formed was removed (filtration) after 30 nun and the carbohydrate 
reprecipitated from the filtrate by ftie addition of ethanol (4 vols ) After 48 to the 
precipitate was collected (centrifuge), dissolved in distilled water (40 ml ) and the 
above process repeated until no further material was precipitated by the addition 
of trichloroacetic acid The solution was then dialysed against tap water (8 x 1000 ml ) 
for 48 hr and filtered Sodium acetate (1 g ) was dissolved in the filtrate and the 
pol 3 ^acchande then precipitated by the addition of ethanol (5 vols ) The precipitate 
was collected (centnfuge) after 48 hr , washed with ethanol and dried mth ethanol 
and ether 

The cells from a total of 120 Roux bottles yielded 400 mg of polysaccharide 
as a white powder having [a]D=-H6° m water (c = l 0) Aqueous solutions 

gave a negative biuret reaction and w'ere non-reducing before hydrolysis 

♦ 

Tfie carbohtfdrate from Clostridium, vcelchu The cells from 10 1 of an 18 hr culture 
of Cl wclchn (==5 g dry cells) were washed with distilled water and suspended in 
0 05 N sodium hydroxide (100 ml ) The suspension was mamtamed at 00° for 18 hr 
and then centnfiiged Acetic acid (5 n) ivas.added to the clear supernatant to bnng 
to pH 3 5 and the resultmg precipitate removed by filtration after 2 hr Tlie crude 
polysacchande precipitated bum the filtrate by the addition of ethanol (4 vols ) was 
punfied by repeated fractionation with tncliloroacetic acid as desenbed above 
Finally, the polysacchande was precipitated with ethanol (5 vols ), washed mtli 
ethanol and dned with ethanol and ether 

The cells from 40 1 of culture medium yielded 313 mg of the specific poly- 
saccharide as a white powder which showed [a]x» = +51° in water (c=0 7) The 
carbohydrate was readily soluble in water (concentrated aqueous solutions 
exhibitmg high viseositj') and was precipitated from solution by copper 
sulphate, uranyl acetate and feme chloride It was non-reduemg before 
hydrolysis With mnhydnn a weak positive reaction was obtained, but no 
precipitation occurred on adding 50 % (w/v) trichloroacetic acid to the con- 
centrated aqueous solution 

Aqueous solutions of these polysacchande fractions adjusted to pH 6 were 
incubated at 37° w ith 1 j sozyme in the presence of toluene At the time interv als 
shown m Table 5, 5 ml fractions were withdrawn and analysed for reducing 
sugar according to the Schaffer-Hartmann method The results (Table 5) show 
that both the specific carbohydrate of Staph citreus and Cl icclclm were 
hjdrohsed to a small but definite axtent by hsozjme 
' Imtialh the carboh\ drate and 1\ sozyme solutions were completely clear and 
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free from particles in suspension but on incubation of the mixed polysaccharide 
and enryme solutions some precipitation occurred irithm 24 hr Tius observa 
bon may possibly have some bearmg on the phenomenon of bacterial floccula 
tion by lyso^Tne. 

It appeared from these results that when lysozyme acts on heat killed cells 
a small proporbon of reducing sugar is liberated from carbohydrate material 
located at the surface of the cells In support of this it was found that reduemg 
subs tan ces were not hberated by the acbon of lysozyme on Cl welchix cells 
which had been rendered Gram negative by extracbon with sodium cholatc 
(Henry & Stacey 1046) a process which is known to be accompamed by the 
loss of ribonucleic acid and carbohydrate bom the cell surface. 

Table 6 Hydrolytu of tht sp^fic carbohydraia of Staphylococcus citreus 
and Qostndium wdehu by lysozyme at pH 6 

Mg redudog sugar (as gluco*e)llbernted/100ni^ 
polysaccharide from 


Time (hr ) 

Stapk. eilrtta* 

SlapK cUrtus* 

CL atlchii* 

a mJM{\ 

0 

0 

0 

0 

0 

24 

1 30 

1 50 

I >05 

0-08 

50 

1M2 

— 

2-00 

0*74 

120 


1 50 


_ 

KM 

1*42 

1-75 

9 17 

1 10 


* eo mg polyaaocharida (a dfafUQed water (18 mL) with lysoxyme (2 ml ) io 08 u acetate 
buffer pH O-O (10 ral ) 

t 110 mg polyMCcharlde in distilled water (18 ml } with lyscoyme (8 mt) In 0^2 u 
acetate buffer pH 6 0 (5 mt) 

Smee the conversion of Gram positive cdls to Gram negative forma is known 
to mvolye the removal of ribonucleic acid bom the cdl surface it appeared 
bom the experimental results thus far obtained that this change must occur 
concurrently with the hydrolysis of surface carbohydrate substances which 
takes place when killed ppIIs arc rendered Gram negabvc by the action of 
lysozyme That this la the case is proved by the following e:fpenments in which 
frachons were isolated from the material liberated by the action of lysozyme 
on heat killed Staph albut and Cl toelchit and whidu m each case, had the 
properties of a ribonucleic acid 

Isolation Of nbonudne and from the maierxal hberated from heat killed 
Staphylococcus albus and Clostridium welchu during the lysozyme 
induced change from Gram’posiiive to Oram negaiioe 
Staplu aVms A suspension of bent killed Gram positive Staph, albus (0238) cells 
from 20 Roux bottles (^2 5-3 g dry organisms) In disUDed water (M ml ) was 
incubated with lyBOtjTne (45 mb) In 0-2 m acetate buffer pH 6*0 (00 mb) and toluene 
(5 mb) until the cells were complctelj Grmm negative (170 hr ) The suspension was 
then centrifuged and the crude nucleic add precipitated from the clear supernatant 
by tlie addition of an equal volume of 0*25 % (w/v) innnjl acetate In 2 5 % (w/v) 
trichloroacetio add solution. The predpitato was collected by centrifuging after 
standing for 18 hr suspended in distilled water (20 ml ) and 0-6 « sodium carbonate 
(2 mb) added. The insohible matcrtel (biuret positli’e Molisch negatii’e) was removed 
at the centnfUgo after 6 min. and the clear supernatant brought to pH 2 5 with 
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5 N acetic aad. After 18 hr the precipitate (biuret negative) was centrifuged down, 
suspended in distilled water (15 mb) and 0 5 m sodium carbonate added until com- 
plete solution was obtained Acetic acid (2 n) was then added to pH 6 0 and the 
solution centrifuged Lanthanum acetate (1 % (w/v) , cf Caspersson, Hammarsten 

6 Hammarsten, 1986) was then added dropwise to the clear supernatant imtil no 
further precipitation occurred The sohd was collected at the centrifuge after 18 hr , 
suspended m distilled water (15 ml ) and dissolved by the dropwise addition of 0 5 m 
sodium carbonate Separation of lanthanum carbonate occurred on standing After 
6 hr the suspension was centrifuged and the precipitate washed once with distilled 
water contammg a httle sodium carbonate The combmed supernatants were 
adjusted to pH 2 5 with n hydrochloric acid and the resultmg precipitate collected 
(centrifuge) after 18 hr The deposit was washed with ethanol and dned with ethanol 
and ether Yield 48 mg of a hght brown powder 

Cl welchii The cells from 6 L of a 16 hr culture of Cl welchti (==: 8 0 g dry cells) 
were collected (Sharpies Supercentnfuge), washed once with water, suspended m 
distilled water and killed at 80° A suspension of the cells m distilled water (70 ml ) 
was mcubated at 87° with lysozyme (50 ml ) m 0 2 m acetate buSer pH 6 0 (80 ml ) 
and toluene (2 ml ) imtil the cells were completely Gram-negative (4-5 days) The 
suspension was then centrifuged and the clear supernatant (180 ml ) precipitated by 
the addition of the uranyl acetate - 1 - trichloroacetic acid reagent (180 ml ) Purifica- 
tion of the precipitate accordmg to the above method yielded 65 mg of a hght 
brown powder 

The preparations from Stnph albus and Cl welchtt thus obtamed contained 
a high percentage of ash (Table 6 ) which was green m colour The percentage 
of these inorganic substances (possibly mtroduced as impurities present m the 
lanthanum acetate) m the fraction from the staphylococcus could be diminished 
from 26 to 19% by dialysis of a solution of the material m dilute sodium 
carbonate, but could not be removed completely 


Propertxes of the nueleic acid fraction from Staphylococcus 
albus and Clostridium welchii 

The analytical figures (corrected for ash) found for the two preparations arc 
recorded m Table 6 and are compared with the theoretical values calculated 
for nbonucleic acid of the formula C 3 JH 49 O 09 N 15 P 4 


Table 6 Properties of the nucleic acid fraction from Staphylococcus albus 

and Clostridium welchii 


Projiertj 

Biuret reaction 

Jlillon’s reaction 

Nmhj dnn reaction 

Feulgen (deoxypentose) reaction 

Dische reaction 

Ash (%) 

N (%) 

P (%) 

Batio A7P 
Pentose (Bial) (%) 
Pentose/phosphorus 


Nucleic acid fraction from 

_ . .. ^ 

Calc for nbo- 
nucleic acid 

t 

Staph albtts 

Cl welchii 

c„H4,o»,n,4P, 

Negative 

Negative 

— 

Negative 

Negative 

— 

Negative 

Negath c 

— 

Negative 

"Weak positive 

— 

Ncgati\ e 

Weak positiv e* 

— 

20 0 

20 8 

— 

15 2 

14 8 

10 u 

02 

8 7 

004 

1 05 

1 7 

1 GO 

M 1 

43 0-40 0 

4G 1 

40 

5 0-5 35 

484 


• Corresponding to the presence of 3-5 % deoxyribonucleic acid 
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Further evidence for the identity of these fractions with ribonucleic acid was 
provided by the following fact* 

The preparations exhibited strong adsorption bands at 260*0nm which, after 
correctmg for the differences in ash content, corresponded with the adsorption 
band given by a solution of the same c<mcentration of ribonucleic acid purified 
as described by Henry Stacey (1946) (ash content 8 7 %), 



x(M-^ 


Fig 1 Advorption spectra of yeait riboonolelo sold (• •} and tbe nuclelo adda 

removed from Siaph, albas A) and CL wtlcMi (O O) by the action of 

lyaozyme. 

The preparations were hydrolysed by ribonucleasc isolated from beef 
pancreas according to the method of Kumtz (1940) 

The hydrolysi* of the frectiona produced by the enzyme at pH 6 was followed 
according to the method of Davidson * Wajmcuth (1944) Each tube of the 
experimental series contained 0*5 mL of a solution of ribonuclease (1 mg ) In distilled 
water (6 mL) 0 2 m acetate boIfeT pH 0-0 (1 5 ml ) and 2*0 mL of a 0 1 % (w/v) 
solution of tiie bacterial nucleic add dlasohTd in 0*001 m sodium carbonate and 
adjusted to pH 0 with 0*001 N hydrochlorio add (Fig 2) 

In "view of the specificity of nbonudeasc and, in particular of the fact that 
it does not attack deoxyribonudeic acid* this result, coupled with the analytical 
data, establishes the identity of the bacterial fractions with ribonudeic acid. 

The preparations could be recoupled with cells rendered Gram negative by 
extraction with 6 % sodium cholatc at 00* (method of Henry L Stacey, 1940) 
By thijt method the nudeic aad Isolated from Sioph, atbus was ' replated on to 



270 , M, Webb 

the Gram-negative cytoskeletons of a welcUi (PI 1, figs 6, 7) and that from 
Cl welchn on to the Gram-negative cytoskeletons of yeast (PI 1, fig 10) 

In preliminary experiments the nucleic acid was converted to the magnesium 
salt by heatmg it with an aqueous suspension of magnesium carbonate accordmg 
to the original method of Henry & Stacey (1946) With the smaU samples of 
the bacterial nucleic acids available this procedure was not found satisfactory 
and alternative methods were mvestigated 



Fig 2 Hydroljsis of the nucleic acids, removed from Staph albvs and Cl welchn by 

lysozyme, with nbonuclease A A nucleic acid from Staph albus, O O nucleic 

acid from Cl xaelchii 

Smce a solution of authentic magnesium nbonucleate gave ionic reactions 
for magnesium, it appeared possible that a solution of sodium nbonucleate 
in the presence of magnesium ion would function as efficiently as magnesium 
nbonucleate in recoupimg experiments It was foimd that the presence of 
sodium ion (0 5 m) had no inhibitory action on the combination of magnesium 
nbonucleate with the reduced cytoskeletons of Cl welchii Furthermore, as 
a result of quantitative experiments m ivhich the reduced Cl welchii cyto- 
skeletons were added to serial ddutions of sodium nbonucleate in the presence 
of 0 012 M magnesium sulphate to give opacities corresponding to no 10 on 
the standard barium sulphate opacity scale, it vas established that as little 
as 0 1-0 2 mg ribonucleic acid per ml solution could thus be detected 

In contrast to the Gram-negative cytoskeletons obtained by sodium cholate 
extraction of Gram-positive organisms, killed cells rendered Gram-negative by 
the action of Ijsozyme and then reduced with formaldehyde could not be 
recombroed with magnesium nbonucleate (PI 1, fig 8) Since previous results 
had shown that lysoTyme has no action on cells rendered Gram-negative with 
sodium cholate, cells rendered Gram-negative by lysozyme were subjected to 
extraction with the bile salt 
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Exiraciton of cells rendered Oram-ne§aiive by ihe action of lysozyme 
mth sodium eholaie 

Gram negative staplijlococcits cells remammg after the action of lysozyme 
(p 267) were suspended m fi % (w/v) sodium cholate (80 ml ) at 60® Afto 5 days 
the suspension was centrifuged and the clear supernatant (bhiret positive) 
decanted- The residual ceils were washed twice with distilled water and then 
suspended m 2 % formol salme overnight. During this period the suspension 
agglutinated and separated os a fluocculent precipitate, although no dis 
mtegration of the cells occurred. After centrifuging the cells were washed three 
tunes with distilled water and then resuspended in 4 % magnesium nbonucleatc. 
Stamed smears prepared from the cells after 24 and 48 hr at room temperature 
were, m each case. Gram negative, showing that the cell bodies were not 
capable of recombmmg with nbonucleio acid. 

Absolute ethanol (4 vols.) with 6 n acetic acid (1 ml.) was added to the 
sodium cholate extract and the resulting precipitate collected at the centnfUge 
after 18 hr The solid was suspended m distilled water (20 ml ) and the suspension 
centrifuged after 20 mm at room temperature. The insoluble material (II) was 
agam extracted with distilled wata* (10 niL) The combmed aqueous extracts 
(I) gave a positive >IoUsch reaction but a negative biuret The msoluble 
fraction (n) gave a positive biuret and a negative Mohsch reacbon- 

Addition of an equal volume of 0 26% (w/v) uranyl acetate in 2 5 (w/v) 
tnchloroacebc acid resulted In the separation of a small precipitate which was 
collected after 6 hr (supernatant, n^ahve Molisch reaction) From this pre- 
cipitate a fraction (2-8 mg ) was isolated, by the procedure previously outlined 
which was Identified as nbonudcic acid by the fact that it could be converted 
to the sodium salt and recombined with the Gram negative cytoskeletons of 
Cl welchii m the presence of magnesium ion to restore the initial Gram 
staimng properties 

Fraction II, after drymg with ethanol and ether yielded 10 mg of a light 
brown powder which was msolublo m water and dilute acids, hut which was 
soluble m dilute alkalis It ga\'e a positive biuret, nmhydnn and Sakaguchl 
reaction, but n^ative Millon, sulphur and Mohsch tests, and appeared to be 
an aadic protem or polypeptide. 


DISCUSSION 

Of the Gram positive micro-organisms submitted to the action of Ij'sozymc, 
onlj j-east proved resistant to the action of the enzyme. It would, therefore, 
appear that fundamental differences exist between the structures of the Gram 
complex of yeast and of bacteria. The experimental results ha\e shown that 
when suitable killed Gram positive organisms are rendered Gram negative b> 
the action of Ij'sozyrae, small but definite, ammmts of reduemg substances are 
liberated mto solution- A simnar mcrcase in reducing groups occurs when 
solutions of the specific polysaccharides of the Gram posib\c organisms arc 
Incubated with lysozjTne. These carbohydrates appear to be located nt or near 
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the cell surface smce they may be isolated by procedures which are not accom- 
pamed by changes m the Gram-stammg reaction or by dismtegration of the 
cells Furthermore, cells which have been rendered Gram-negative by 
extraction with sodium cholate — a process accompamed by the removal of 
ribonucleic acid and polysaccharide from the cell surface — do not-hberate 
reducmg substances when mcubated with lyso 2 yme 

Smce killed Gram-positive organisms are completely resistant to the action 
of trypsm (provided the latter is free from ribonuclease activity), while cells 
which have been rendered Gram-negative by enzyme action or by extraction 
with sodium cholate are lysed, it would appear that protem matenal is not 
normally exposed at the ceU surface The outermost Gram-positive complex 
may, therefore, be considered to be composed of ribonucleic acid, specific 
carbohydrate and possibly hpid 

Concurrent with the partial hydrolysis of surface carbohydrate substances 
which occurs when lysozyme acts on killed cells, the Gram-stammg reaction 
becomes negative and ribonucleic acid, the component of the complex re- 
sponsible for the retention of the positive stam, is liberated mto solution This 
fact would suggest that, m the cell, ribonucleic acid and carbohydrate are m 
firm combination by means of Imkages which are disrupted by the action of 
the enzyme The isolation of a Gram-positive nucleoprotem (Henry ei a2 1945) 
following a relatively short autolysis of Cl welchii, together with similar 
findings for pneumococcal autolysis (Thompson & Dubos, 1988), shows con- 
clusively that the nbonucleic acid of the Gram complex is also combined with 
cellular protem Whether part of the latter together with ribonucleic acid is 
liberated from heat-kdled orgamsms by the action of lysozyme remains to be 
determmed The evidence thus far obtained, however, leads to the conclusion 
that the major part of this protein is retamed by the cell cytoskeleton 

Smce aU the killed Gram-positive orgamsms studied were, with the exception 
of Sacch ceremsiae, susceptible to the action of lysozjme, while the specific 
polysaccharides of these organisms are known to be widely different m chemical 
structure, it is most probable that the action of lysozyme on the susceptible 
organisms is due to the ability of the enzyme to hydrolyse certam Imkagcs 
common to these polysaccharides Such linkages may well be tJiose bet\^ ccn 
carbohydrate and nucleic acid or between carbohydrate and protem In 
support of this view is the findmg that when bactenal cells or the specific 
polysaccharides from these cells are mcubated with lysozyme the increase m 
free-reducing groups is relatively small Meyer & Hahnel (194G) have, hov ever , 
stated that lysozyme in low concentration presumably catalyses the depoly- 
menzation of its substrate with little or no apparent increase in reducmg groups 

In contrast to the present results, Epstein & Cham (1940) were of the opinion 
that their polysaccharide substrate for lysozjmne was contained within the 
bodies of the lysozjmie-sensitixe bacteria and they were unable to extract it 
with hj'pochlorite or formamide from the mtact bacteria {M. lysodeildicus) 
Howe^ er, as the authors were able to obtam complete lysis of suspensions of 
heat-kiUed M lysodeikitcus by the combmed action of lysozyme and trypsm, 
it IS apparent, m vievr of the foregomg discussion, that the enzyme also brought 
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about the hydrolysis of some surface carbohydrate material with consequent 
dismtegration of the Gram complex Support for the present argument is 
provided by the recent work of FernCT Meyer & Stemb^ (1946) which has 
shown that the lysozyme substrate appears to be one of the antigens of 
M lysodeiktxcus It is, however, possible that two carbohydrates oast m 
M lysodttkhcus both of which are susceptible to the action of lysozyme, the 
one forming part of the Gram complex and the other being contamed m the 
somatic portion of the cdh The fortmtous occurrence of a carbohydrate 
substance m the cdl bodies of M capable ofbeing more completely 

hydrolysed by lysozyme than the carbohydrate of the Gram complex may m 
part explam the difference m suscepbbihty towards the enzyme which exists 
between M lysodetkUcus and most other organisms 

Thanks are due to Prof M. Stacey for much helpful advice and criticism through 
out this w ork, to Dr F Smith for the adsorption spectra and to the University of 
Birmingham for the award of an LCJ Research Fellowihlp 
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EXPLANATION OF PLATE 

The illustrations are prepared from direct contact prints taken from negatives on rapid 
process panchromatic plates The bacterial cells, stained by Gram’s method, arc enlarged 
1000 diameters 

Fig 1 Heat-killed Gram-positive Cl welchit 

Fig 2 Cl welchii cells rendered Gram-negative by the action of lysozyme • 

Fig 3 The Gmm-ncgntive cells shoivn m Fig 2 treated with 2 % magnesium nbonuclcatc 
solution 

Fig 4 Cl welchii cells rendered Gram negative by extraction inth 2 % sodium cholatc 
solution at 00° (The variation in morphologj apparent in this and the folloiving photo- 
micrographs of Cl xcelchii occurred when other peptones uere used in the culture 
medium in place of Evans’s Bacteriological peptone and ivill be more fully discussed in 
a subsequent communication ) 

Fig 5 Tlie Gram-negati\ e cells shown m Fig 4 recouplcd with 2 % magnesium ribonuclcatc 
Figs C, 7 The Gram-negatn e cells shoivn m Fig 4 recouplcd with the magnesium salt of the 
nucleic acid remo\ ed from Slaph albus by the action of lysozjmc 
Fig 8 Cells ot Saccharomyces ceremsiae after extraction with 2% sodium cholatc solution 
at 00° 

Fig 0 The Gram negath c cells shown in Fig 8 rendered receptiv e with formaldehj dc and 
recouplcd with 2 % magnesium nbonuclcatc 

Fig 10 Cells shown m Fig 8 rendered receptnc wth formaldehj de and recouplcd with the 
magnesium salt of the nucleic acid removed from Cl welchii by the action of Ijsozjme 


{Received 21 March 1948) 
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The Influence of Magnesium on GeUJDivislon 

1 The Growth of Clostridium welchii In Complex Media Delident 
in Magnesium 

B\ M WEBB 

The Chaniitry Department, VnUxrtUy of Birmingham 

SUMMARY The production of fllaraentom forms of dotiridium wdeMi which occurs 
in complex media containing certain oommercia] and chemically treated peptones is 
due to a deficiency of Ionized magneslunL Such filaments revert to OfTig of normal 
morphological appearance on subculture In a medium containing free magnesium 
ions but the change cannot be brought about by the presence of metollio Ions other 
than magneaiurm It Is therefore, suggested thatthe latter is essential for the ^othdty 
of the cell-dividing mechanism. 

The presence of a growth inhibitory factorin certain peptones has been established 
The active agent appears to be a fetty add and may be extracted from oddlfied 
peptone solutions with ether or chloroform The presence of the inhibitory substance 
in peptone maitedly decreases the crop yield of Cl welchii but has no direct Influence 
on the produotloa of filaments. 

In the derelopment of studies on the antolytic enryme systems of Gram 
positive micro-organisms (Jonea Stacey & Webb 1948) it was observed that 
cultures of CU xvelehtx In 2 % Difco Bacto-peptone broth differed considerably 
m morphological and autolytic characteristics from cultures m the normal 
growth medmm which contamed 2 % Evans's peptone.* In the former medium 
Cl xeelchii grew m the form of filaments of varying length (Ph 1 fig 1) 
which autolysed less readily than the short and more uniform (‘normal ) rods 
(PL 1 fig 2) obtained by the culfavation of the bacillus m Evans s peptone. 
For example the change m the Gram stainmg reaction which occurs witlun 
24-86 hr when normal ’ cdls are allowed to autolyse at pH 8 0 and 87® 
occupied a period of 6 days when a suspension of the filamentous cells was 
allowed to autolyse under identical condibons These long filaments reverted 
to cells of nor mal morphological appearance on subculture in Evans s peptone 
broth, indicating that the observed change was a direct response to some 
environmental stimulus 

On solid media, mmute, circular, glistening colonies composed of long thin 
filaments (PL 1 fig 8) were obtamed when the organism was grown anaerobically 
on Difco peptone-agar plates whereas cdls from the larger colomes on Evans s 
peptone agar were smaller and more uniform m size (PL 1 fig 4 ) 

The use of other commercial peptones in the gr owt h media for the cultivation 
of CL weJehit yielded cdls which varied m morphology from short rods (Difco 
Neopeptonc) a mixture of short rods and filaments (Difco proteose peptone) 
to thm filamentous forms (Witte peptonum siccum) The organism foiled to 
grow in a medium which contained 2% Peptonum Siccum (Armour) 

• Evans, Sons, Leccher and ebb Ruacom. 
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From these results it was considered that the change in morphology associated 
with growth in the various media was due to differences in the chemical 
composition of the peptones, filaments bemg produced in media lacking or 
deficient in some component essential for normal cell division. Since normal 
growth and division occurred m media containmg Evans’s peptone, this was 
subject to fractionation as follows 

Dialysis of Evans^ s peptone A solution of Evans’s peptone (40 g ) in distilled 
water (250 ml ) was dialysed against distilled water (6 1 ) for 24 hr The difiusate 
was evaporated in an open vessel, finally on a water-bath, and the resulting 
S 3 nrup dissolved m distdled water (50 ml ) The dialysed peptone was diluted 
to a volume of 2 1 with distdled water containing sodium chloride (10 g ) and 
glucose (4 g ) and stenlized The growth of Cl welchii in this medium resulted 
in the production of filamentous cells which reverted to normal short rods on 
subcidture in the medium containmg, in addition, the difiusate at a con- 
centration of 1 ml m 40 ml 

Fractionation of the diffusate Fractionation was carried out as shown in the 
following scheme A sample of eaeh precipitate was igmted in an open crucible 
and the morganic constituent of the residual ash determined by qualitative 
chemical analysis 


Dtffusale from Evans's peptone (60 ml ) 
5 vols ethanol 


Precipitate (I) 
which consisted of 

1 


Inorganic, crystalline 
solid (JA) 

Mg++ 


Syrup (IB) 

Inorganic constituents 
Mg++, K+ PO*= 


1 N 

Supernatant (S I) 


2 vols ethyl 
acetate 


Supernatant (S II) 


Concentrated under 
reduced pressure 
Precipitated with 
5 % ols ethyl acetate 


Precipitate (II) 

Inorganic constituents 
Mg+^ K+ Ca++ 
(trace) PO^= 


Supernatant (S III) 
Discarded 


Precipitate (III) 

Inorganic constituents 
rc+++, Mg++ (trace) 
Ca'*"*' (trace), PO 4 S 


Cl xcelchii cultivated in the medium containing the dialjscd peptone with 
the addition of a sofution of I or II or of the inorganic constituents of I or II, 
yielded cells of normal morphological appearance The reversion of the 
filamentous forms to cells of uniform normal size was also observed when the 
dialysed peptone was made up m saturated magnesium phosphate solution 
or in 0 1 % magnesium sulphate 
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It -was concluded that the production of filamentous forms of Cl, wclelni m 
the dialysed peptone medium was due to magnesium deficiency In the following 
section methods are described for the removal of magnesium ions from Evans’s 
peptone. Although such methods are not specific for magnesium, the change 
in morphology associated with the growth of CZ xvdeJui in such media was 
reversed only by the addition of rccrystalhzed magnesium salts It was, 
therefore, concluded that other positive ions removed with magnesium from 
the peptone do not play any part m cdl division. 


RemoDol of megmnum ton from Events peptone 
By * ton-ewehange renn, A solution of Evans’s peptone (fig) m distilled 
water (26 mh) was passed through a column of Zeotarb H LP (Permutit Co 
Ltd., London), to remove free positive ions The resulting acid solution (pH 4 9) 
was diluted to 250 mL with distilled water containing sodium chlonde (1 25 g ) 
and glucose (06 g ) adjusted to pH 6 2 and sterilized (Medium 47) 

PrectpiiaUon with ammonium hydroxide The presence of magnesium and 
phosphate ions in the diffusate from Evans’s peptone suggested that the 
addition of ammonium hydroxide to a peptone solution would result m the 
precipitation of magnesium ammomum phosphate. It has previously been 
shown (Scudder, 1928) that organisms such as B adcaligena which produce 
alkalinity in peptone and meat infusion broth cause a rapid precipitation of 
magnesmijk ammonium phosphate m the mednim 
A solution of Evans s peptone (10 g ) in distilJed water (100 mL) was made 
strongly aflcalme with ammonium hydroxide (16 mL) when precipitation 
occurred After 18 hr the solution was filtered and ammonia removed from the 
filtrate by aeration m the apparatus described by Davis A Daish (1918) The 
solution was concentrated m an open vessel on a boilmg water bath and made 
up for broth with the addibon of 0-05 % K,HP 04 (Medium 28) Magnesium 
calcium and phosphate were present m the precipitate. 

Imbally 18 hr cnltures of Cl xceUdnt in 3Iedium 47 were composed of short 
filamentous cdls and many chain* of short rods of normal sire, but after two 
to three subcultures the organism grew as long filaments which were then 
mvanably observed in all subsequent subcultures Such filaments also resulted 
when the mibal cultures m Medium 47 were mcrubated for 8 days These 
observabons indicate that the produebon of filaments is not due to the 
temporary alterabon m enzyme balance brought about by adaptabon of the 
organism to the new medium (cf Spray A Lodge 1948) 

In Medium 28, filamentous forms (PI 1 fig 6) were observed m the first and 
all subsequent subcultures of CL roelchiu The cell deposit was gelabnous In 
character and aqueous extracts gave strong carbohydrate reactions When the 
orgntusm was snbcultured every 24 hr for several week* m this medium and 
then subcultured into 2 % Evans s peptone broth the rcsulbng growth was 
composed entirely of ihort (hionnal ) rods 
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The effect of the reaction of the medium on the morphology of Clostridium -welchu 

Smce the differences m the pH of the various media used (Table 1) may have 
contributed to the production of filaments, Cl welchii was cultivated m 2 % 
Evans’s peptone broth adjusted to various pH values by the addition of 0 1 N 
hydrochlonc acid or sodium hydroxide Buffers were not used, as these may 
produce specific effects (cf Wmslow & Falk, 1928) Control experiments 
showed that httle change occurred in the pH of these solutions on sterilization 
Cl welchu failed to grow m all media of pH less than 5, normal cells were 
observed in cultures of pH 6 0-7 5, while m more alkaline media (pH 8 0-9 8) 
small oval cells, distorted curved forms and filaments were produced 

Table 1 pH of nutrient media containing glucose (0 2%), 

NaCl (0 5 %) and peptone (2 %) 

Peptone used m preparation of medium pH of medium 



Evans’s 

5 6 

• 

Difco Baoto 

C 88 


Dialj'zed Evans’s 

50 


‘Ammonia-precipitated’ E%'ans’s 

7 35 


From these results it was concluded that the differences m pH of the media 
recorded m Table 1 had little, if any, influence in the production of the 
filamentous forms of Cl welchu The variation m morphology, as observed m 
cultures of pH 8-9, was not due entirely to the unfavourable pH, but to the 
precipitation of essential ions which occurred in these alkalme solutions The 
evidence for this was as follows Evans’s peptone broth (800 ml ) was adjusted 
to pH 9 64 with N sodium hydroxide and heated at 100° for 80 min when 
rapid precipitation occurred After coolmg, the suspension was stirred xmtil 
homogeneous and 100 ml removed This fraction was adjusted to pH 6 2, when 
the precipitate redissolved, and sterilized (Medium 49) The residual alkaline 
solution was filtered, the filtrate adjusted to pH 0 1 and sterilized (Medium 60) 
Cells of normal morphological appearance were obtained when Cl welchu was 
cultivated m Medium 49, but pleomorphism, -with venation from normal rods 
to long filaments, was observed in cultures of the organism m Medium 50 
Qualitative analysis of the precipitated solid revealed the presence of Mg'^’*’, 
Fe+++ and 


The specific effect of magnesium 

The change in morphology which occurred in media from which magnesium 
had been remo'i ed was not due to a low electrolyte concentration, smce the 
growth of Cl welchu in tubes of ‘ ammoma precipitated ’ E\ ans’s peptone broth 
containing respectively 1 5, 2 5 and 3 5% sodium chlondc resulted, m each 
case, m the production of filamentous forms Furthermore, determination of 
the relatne osmotic pressiues of the vanous culture media by means of 
membranes of copper ferrocjanidc deposited on hardened filter-paper (Austin, 
Hamttmg & WiUis, 1944), re\ealed onlj insignificant differences 
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The addition of metals such as calcinm and copper normally present m 
small amount in peptone and which would be coprecipitated with magnesium, 
to ‘ammonia precipitated’ Evans’s peptone showed that such elements had no 
effect on cell drvisiom 

The addition of feme iron (1 6 mg FcCl,)to ammonia precipitated 'Evans’s 
peptone (80 rah) gave a medium which supported an exceedingly poor growth 
of Cl tedchix and some of the filamentous cells showed division into chains 
(PL 1 fig 6) It was concluded that this latter efl*ect was duo to inhibition of 
the growth of the organism by the iron the available magnesium present m the 
medium then being sufficient for division of a greater proportion of the cells 

Table 2 Magnettum conitnt of etriaxn poptones 

itagneahim (%) 


Peptone 

Water 

(%)• 

Ash 

(%) 

In ash 

In peptone 

Evans • 

71 

01 

l-T 

0-074 


78 

59 

1 8 

CM)77 

Difco Bocto 

S'fl 

80 

1 6 

0-018 


8 0 

8-4 

1-4 

— 

Dialysed Evans « 

— 

215 

0 76 

0-016 


• Water (%) a* ka* In weight at 100* 

In support of this conclusion is the finding (see later) that, when Cl wdchtt 
was g r o wn in Difco peptone from which a growth mhibitory substance had 
been removed, the resulting filaments were longer than are those which resulted 
• when the baeffius was cultivated in normal Difco peptone broth which con 
tained the growth mhibitory substance 

Analysts of peptones 

The magnesium content of the normal and chemically treated peptones was 
determmed, as the evidence thus far obtained showed that the growth of 
CL reelektt was influenced by the magnesium concentration of the medium and 
that inhibition of cell division occurred when this fell below a certain critical 
value. Samples of the peptones used were dried and ashed The resulting 
inorgamc residue was boiled for 80 mm, with distilled water (100 mL) con 
taming concentrated sulphunc acid (2 5 mL) and concentrated mtnc acid 
(2 5ml ) to convertpyrophosphatc to metaphosphate. After cooling thesolution 
was filtered, the phosphate removed os feme phosphate and the magnesium 
precipitated from alkaline solution with 8-hydroxyquinoline according to the 
method of Kolthoff & Sandell (1048) The washed precipitate was dissolved 
in dilute hydrochlonc acid and, after the addition of a httle more of the 
8 hydroxyqumoline reagent, reprecipltated by the addition of ammonia The 
finnl precipitate was collected m a smtered glass crucible, washed with dilute 
ammonia, dried at 110® and weighed. The results (Table 2) show that of the 
peptones ciammed Evans s peptone hod the highest magnesium content 
(0 075 %) Thus in a medium containmg 2 % Evans s peptone, the resulting 
concentration of magnesium ions (c. 0K)016 %) is such that normal cell diviskm 

19 


aMll3 
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occurs throughout the entire growth of Cl welchii that the medium is ab 
support Smce part of the magnesium present in the medium will be take 
by the orgamsm to form the Gram complex (Henrj'^ & Stacey, 1946), 
concluded that the concentration of magnesium ions necessary for the act 
of the ceU-dividing mechamsm is considerably less than this value In 
dialysed Evan’s peptone broth, which supports a heavy growth of Cl wel 
the ionic magnesium concentration is exceedmgly low (c 0 00003 %) ai 
insufficient for both activation of bhe ceU-division mechanism and the formf 
of the Gram complex Consequently, m this medium, the organism grov 
long fflaments The magnesium content of a 2% Difco peptone medm 
relatively high (c 0 0009-0 0010 %), and it would be expected that this 
centration would ensure the normal division of the poor growth that 
medium supports However, in contrast to Evans’s peptone, the magnej 
m Difco peptone appears to be ffimly bound and little is present m an i 
form That this is the case is shown by the following estimations of i 
magnesium 

Evans's peptone Evans’s peptone (10 0042 g ) m distilled water (100 ml ) 
treated with ammonium hydroxide as before After 80 nun the precipitate 
'collected m a smtered glass crucible, washed with dilute ammoma and dned at 1 
The sohd (0 1024 g ) was dissolved m 5 n acetic acid (10 ml ) and the solution dili 
to 250 ml with distilled water Quantitative detemunation of the ions detectei 
quahtative analysis, gave the foUowmg results magnesium (precipitation ' 
8-hydroxyquinohne) 8 96%, calcium (as CaSO^) 8 87 % , ammomum (microKjeld 
2 7%, PjOj (hy PbMo 04 method) 55 0 % The magnesium thus precipitated cc 
sponds to 93 9 % of the total magnesium present m the peptone 

Dxjco peptone The above procedure was repeated with Difco peptone 9 977 
peptone yielded 0 0165 g of precipitate which contamed, m addition to some org 
material, 29 3 % PjOj , but no magnesium precipitable with 8-hydroxyqmnolme 

An increased amount of cell division was observed m cultures of Cl wel 
m 2 % Difco peptone broth which contained 0 1 % magnesium sulphate 
addition of magnesium ions to the culture medium, however, failed to mere 
the crop yield, and the cells retained their distorted appearance (PI 1, fig 


The magnesium content of Clostridium welchii when grown 
in Evans's and Difco peptone broth 

Cultures of the organism (18 hr old) were centnfuged (Sharpies sup 
centnfuge) and the cells washed with nater (twice), precipitated v ith ctha: 
and dried with ethanol and ether The dry cells v ere ashed and the inorga 
r^idue anahsed as previously desenbed The results (Table 3) revealed tl 
the cells from the Eians’s peptone medium contamed more than twice 1 
amount of magnesium contamed by the cells from the Difco peptone mediu 
The results of Table 2 and 3 shov that the groiv th of Cl welchn m Evan 
peptone medium utilized 11 1 % of the total magnesium present m the cultu 
The apparent anomaly tliat the magnesium rcmo\cd from the Difco pepto 
medium b\ the grow Ih of Cl welchii only accounts for 2 5 % of the tol 
a^allable, ma\ be explained on the assumption that only a small percenta 
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of the magnesium of the peptone is m the ionic ^ortm Such a conclusion would 
be m agreement with observations that magnesium is not precipitated from 
a solution of Difco peptone by the addition of ammonium hydroxide. 

Table 8 Magnettum content of Qostndiura welchii grown in Evans* t 
and Dtfco peptone media 



Yield dry 

Aeh of cells 

Mognesliim (mean %) 


ccUa/L coltnre 

(Mean valoe) 

t- 

«- 

Peptone used 

media (g) 

(%) 

In ash 

In cells 

Ewlqs 0 

(h3 

7S 

5-4 

0*85 

Difex) B«cto 

0-lS 

06 

26 

0 le 


Orowih of Clostridium welchii in 4 % Ihfco peptone broth 

In expenmenta undertaken before it was established that much of the 
magnesium present in Difco peptone is not in the ionic form Cl me/cAii was 
Inoculated mto tubes of 4 % Difco peptone broth under a hquid paralUn seak 
as such a medium would have a magnesium content similar to that of 2 % 
Evans’s peptone broth (cf Table 2) After 26 hr at 87 the poor growth was 
subcultored mto a second tube of the same raedmiTL No growth ensued and 
the culture was apparently stenle smee subcultures in 2 % Evans’s peptone 
broth remamed completely dear Stained smears prepared from the first 
subculture m 4 % Difco peptone broth showed short curved rods which, in 
contrast to cultures of similar age m the normal medium, were consistently 
Gram negative. It was therefore conduded that there was present m Difco 
peptone a certam concentrabon of a bactericidal substance which in 2 % Difco 
peptone broth caused partial mhibition and in 4% Difco peptone broth 
complete inhibition of the growth of CL welehii The observation that the cells 
from the first subculture in the 4% peptone medium were Graranegati\e 
suggested that this substance was surface active (compare the use of surface 
active agents m the extraction of the Gram complex Henrj (L Stacey 1940) 
possibly a lipid or a fatty acid. Such a bactericidal substance was indeed 
isolated by extractmg acidified solutions of the peptone with ether and other 
fat solvents 

Ether extraction of Difco peptone 

A solution of Difco peptone (114 g ) m distilled water (600 mb) was extracted 
three times with ether (which itself left no residue on evaporation) The 
combmed extracts were dried (CaCI^ and evaporated to give 0 01 g of a ydloAV 
oil which was insoluble m water The bactericidal substance was not remo\ed 
by this procedure, for when Cl tcelchit was Inoculated mto a medium containing 
2% of this peptone the rcsultmg growth was poor and was composed of 
distorted filamentous cells The remammg aqueous solution was therefore 
adjusted to pH 8 5-1*0 with hydrochloric acid and re-extmeted with ether 
(tiwee times) Evaporation of the ether ga^'e 0 I4g of a brown water 
insoluble glass which was soluble m alkali and was precipitated ns a brown 
oil on acidification of the alkaline solution. A solution of the sodium salt 
was salted out on the addition of sodium chlondc and gave a flocculent 
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precipitate with calcium chloride Fractions which possessed similar properties 
were also obtamed by extracting the acidified peptone solution vith chloroform 
The acid peptone solution after ether extraction was adjusted to pH 7 0 with 
N sodium hydroxide and then made up for broth in the usual way Growth of 
Cl welchii in this medium resulted in a greater crop yield (0 27 g /I ) compared 
with the yield m the unextracted Drfco peptone broth (0 15 g /I , Table 8) 
These cells were filamentous m form (PI 1, fig 8) and appeared longer than 
those from cultures m the unextracted medium (PI 1, fig 1) Thus the 
presence of the antibactenal substance did not itself play any part in the 
production of the filaments The cells contamed 4 85 % ash which had a 
magnesium content of 3 62 % , correspondmg to a concentration of this element 
of 0 17 % m the origmal cells From the data of Table 2 it was calculated that, 
m this case, the magnesium removed from the ether-extracted medium by the 
growth of the organism amounts to 5 1 % of the total magnesium 

Cultures of Cl welchit in 2 % ether-extracted Difco peptone media containmg 
magnesium sulphate (50 mg /80 ml ) consisted of short (‘normal’) cells (PI 1, 
fig 9), and a profuse growth of short, stout rods (PI 1, fig 10) occurred m 
a medium which contamed 4 % of the extracted peptone 

Cl welcJm failed to grow when moculated mto the 2% ether-extracted 
peptone medium which contained a solution of the growth-mhibitory substance 
at a concentration correspondmg to that present m the onginal unextracted 
peptone medium As poor growth of the organism occured m a medium 
containing 2% Difco peptone which contained the antibacterial substance, 
together with the fact that this substance cannot be extracted before acidifica- 
tion of the peptone solution, it is suggested that the fatty material is rendered 
less acbve by combination with other constituents of the peptone In Evans’s 
peptone broth contammg 0 002 % (w/v) of the active substance the growth of 
Cl icelchn was poor and the cells were distorted in appearance, a concentration 
of 0 004 % (w/v) of the extract completely inhibited growth 
The bacteriostatic activity (serial dilution method) of the ether-soluble 
fraction agamst Staphylococcus aureus in Evans’s peptone broth was 1 1000 
after mcubation at 37° for either 24 or 48 hr It had no activity against the 
Gram-negative organism Bact lachs aerogenes 


Exiraction of other peptones 

Acidified solutions of other commercial peptones ■were extracted with ether 
as abo\ e The ethereal extracts were washed with water, dried (MgSO^) and 
e\ aporated to dixmess under reduced pressure The properties of these fractions 
are recorded m Table 4 - 

The presence of an actively bacteriostatic substance in Peptonum Siceum 
(Armour) explains vh} Cl rcelchti failed to grow m a medium containing this 
peptone It vould appear that the bacillus is exceptionally sensitive to these 
groi\ th-mhibitorv fattj acids, for both Peptonum Siccum and Difco peptone 
were used for the cultnation of strains of staphylococci, micrococci, and 
streptococci without am untoward cficct 
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The efiect of subsequejii addition ma^neatm to young cultures of 
Clcstndwmivi^chninmQgnesium-dejieuntmedta 
The fact that -whcD Cl tcelchU is subcultured from a medium deficient in 
magnesium to one containing free magnesium ions the filamentous inocuhim 
gives rise to a population In ivhidi normal cell division occurs, suggested the 
possibihty of these ions causmg the division of pre-existing filaments In one 
senes of experiments stmle magnesium sulphate (1 ml of 8 %) -was added to 


Table 4 Comparison of the bacttnoslaiic adimUes 
extractable substances from peptones 


Peptooe 


Ether extract 
yield B /1 00 g 
peptone 


of the ether 

Bacterlostatlo 
activity against 
SteqjJu aurau 
after 48 far 
inhibitory dOntioo 


LabLcmco 0*185 liSOO 

Peptonum Slccum (Armour and Co ) 0-075 1 x3000 

Evans « 0-015 Inactive 

British Drag Houses 0-030 Inactive 


7 hr cultures of CL melehix m 'aramoma precipitated^ Evans s peptone broth 
and the cultures then incubated for a further 18 hr At the end of this period, 
cells from control cultures containing no added magnesium vrere m the form of 
filaments and chains, tvhereas the growth m the experimental senes contained 
filaments and shorter cells Such observations show that if normal cell division 
occurs m a culture after the addition of magnesium at some time during the 
logarithmic growth phase, this addition does not cause the division of existmg 
filaments Furthennore no detectable change m morphology occurred when 
filaments from an 11 hr culture m the above medium were incubated with 
either 0*5 ml 0*05 u magnesium sulphate or 0 5 mb of an autolysed cell free 
culture of Cl tceJchxi m Evans’s peptone broth. 


The relation of magnestum defeteney to the smooth rough tran^ormaiion 
In some aspects the filamentous cells of cultures of CL rcelchix in magnesium 
deficient media resemble the cells of rough vanants of bacilli for the smooth 
rough transformation m some species is associated with rccogmzable changes 
in morphology (Wilson, 1030) and with an alteration in the method of cell 
division (Nutt, 1027) It has been reported (Henry A Stacey, 1048) that 
contmued subculture of streptococci and certain other organisms in magnesium 
deficient media gave nse to consistently rough colomes However m this case 
the smooth rough transformation could not be mduced in cultures of several 
strains of staphylococci and streptococci by continued subculture In ammonia 
precipitated Evans s peptone medio. 

Dunng the normal routine of subcultunng the laboratory organisms a rough 
variant of Bad. ladis aerogenes was isolated from a culture of the organism on 
Evans’s peptone agar It difTcred from the smooth variant in the following 
respects in liquid media a fibrous pellicle was formed which showed a marked 
tendency to creep up the sides of the tube, the culture fluid remammg clear 



284 M. Webl 

In contrast to the smooth form which grew throughout the liquid and ga\ e rise 
to a considerable increase m viscosity, no polysaccharide was produced On 
agar plates the variant grew rapidly, covenng the surface with a spreading 
growth composed of irregular waxy -colomes The latter were completely 
removed from the agar on touching with the loop In distilled water the 
growth proved difficult to emulsify, and in salme agglutination occurred 
Stamed smears and impression preparations showed the bacteria to be in chams 

Table 5 Analysis of the rough and smooth forms 0 / Bacterium 



lactis 

aerogenes 


' 


Yield dry cells 


JIagnesiura {%) 


(g ) from 25 



—A. ^ 

Cells 

Roux bottles 

Ash(%) 

In ash 

In cells 

Smooth organism 

8 1 

5 l4r-5 18 

0 20 

0 01 

Rough organism 

29 

7 18-7 84 

2 39 

017 


Twenty ‘five Roux bottles were moculated with each vanant and incubated at 
37° After 24 hr the cells were removed m distiUed water, washed twice at the 
centrifuge with distilled water and dried with ethanol and ether Analysis of 
the two forms gave the results of Table 5 which show that the rough variant 
of Bad ladts aerogenes contained a considerably greater percentage of 
magnesium than did the smooth form It is, therefore, tentatively concluded 
that the inhibition of cell division which occurs in magnesium-deficient media 
bears no relation to the smooth-rough variation 
The similarity in morphology observed between the cells of cultures of rough 
baciUi and of cultures in magnesium-deficient media would suggest that the 
conclusion that an alkalme medium usually favours the S^R transformation 
(Hadley, 1927) should be accepted with reserve imless such observations arc 
substantiated by immunological studies, smee m alkalme media, magnesium 
may be precipitated as phosphate 


DISCUSSION 

The production of filamentous forms of bacteria is well known and is observed 
when orgamsms are grown in the presence of sub-bacteriostatic amounts of 
certam antibacterial agents, as, for example, when Bad typhosum is grown m 
the presence of methyl violet (Amley-Walker & 3Iurray, 1904), Streptococcus 
vtrtdans m the presence of sulphonamidc (Timmcliff, 1939), Cl rcclchti and other 
organisms in the presence of penicillin (Gardner, 1940) and Bad ladis aerogenes 
in the presence of ni-cresol (Spray & Lodge, 1943) It has also been claimed 
(Hennci, 1928) that filaments of Escherichia coh arc produced when the surface 
tension of the medium is diminished by sodium ricinoleate to 35-40 dyncs/cm 
A similar effect has been observed m cultures of Lactobacillus hclcvdicus in 
which the surface tension of the medium has been lowered by the addition of 
sub-bacterio-static amounts of sodium gljcocholate (Stacey Webb, un- 
published) In these latter cases it remains to be established whether the 
production of the long forms is a direct response to the lowcnng of surface 
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tension or is due to the chemical nature of the surface active substances 
Filaments have also been observed m bacterial cultures which have been 
subjected to the action of yJ or 7 rays (Porter 1946) 

The conclusion reached from a survey of such observations is that the 
production of filaments m rapidfy growing cultures is due to inhibition of cell 
division while growth in the sense of synthesis of f^TInlnr <«ubstances is 
unaffected. The diverse nature of the agencies which are able to produce such 
marked changes m morphology suggests that the enzymes of the cell dividing 
mechanism are much less stable than are the enzymes concerned m synthetic 
processes Lodge & Hinshelwood (1048) suggested that there are two mde- 
pendent factors, referred to as (L) and (D) which respectively control donga 
bon and division durmg bacterial growth. It is assumed that (D) must be 
present m more than a cnbcal concentration before division can occur The 
enzyme systems responsible for the (L) and (D) factors are easily thrown out 
of balance and filaments are formed when elongation proceeds normally but 
the concentration of (X)) is bdow the critical The rate of synthesis of the latter 
factor was thought to be decreased by the presence of antibacterial substances 
such as m-cresol (Spray & Lodge, 1948) 

The present study has shown that cell division m cultures of Cl wfldrn in 
complex peptone media is dependent on the presence of raagnesmm ions In 
magnesium deficient media cell division is inhibited and filamentous cells are 
produced. The observation that increased polysaccharide synthesis occurs m 
cultures of Cl wtkhn m media from which the magnesium has been removed 
by precipitation with ammomum hydroxide may be explained by an alteration 
of enrvme balance, occumng when cell division Is inhibited and giving nse 
to others. 

Although magnesium appears essential for the g ro wt h of most bacterial 
species and la almost mvanably mcluded m defined media, rdatrvelv httle 
attention has been paid to Its role m the growth and reproduction of bacterial 
cultures. That the element stunulates growth is evidenced by the work of 
Hotchkiss (1928), m which an mcreasc m crop yield of EscK colt in 1 % peptone 
was secured by the addibon of magnesium chloride in low concentrations 
Lodge i. Hinshelwood (1089) found that a standard inoculum of Bad lada 
aerogenes failed to grow m a synthetic medium which contained less than two 
parts per milhon of magnesium The conclusion of Ohtzki L Bromberg (1031) 
that magnesium was completely unimportant for the g r owt h of BruceUa m 
complex media cannot be accepted, smee peptones themselves con tarn relatively 
high percentages of magnesium (cf Table 8 ) More pertinent to the present 
mvestigations are the observations of Palgen (quoted by Buchanan A Fulmer 
1980) that the average length of the cella In cultures of either B metenicncus 
or B stibtilu 18 decreased by the addibcm of magnesium sulphate. 

The nature of the enzyme or enzymes which constitute the ccU-dividing 
mechamsm is unknown. The process can apparently only occur m conjunction 
with the other stages of the growth and reproduebon of bacterial cells for 
the addibon of magnesram or of an autolyscd normal culture to exisbng 
filamentous cells does not result In drviiion. Of great mtcrest in this con 
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nexion is the discovery that deoxyribonuclease exists m pneumococcal 
autolysates (BlcCarty & Avery, 1946) 

Thanks are due to Prof M Stacey for his mterest m this work and to Lt-Colonel 
F W Pinkard for much helpful advice and cnticism throughout the analytical 
determmations 
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Figs. 1-10 

M WcBD — Gnowrn of Cu WELOnii n Mg orncinxr mcdia Plate I 
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Tunnicldw Ruth (1039) The action of prontosll soluble and fulpbnnflamide on the 
phflgocytio activiUes of leucocytes and on the dissociation of streptococci 
J ir^ecL Dls 64 60 

"WiMON G S (1030) The rclatlonalilp between morphology* colonial appearance 
agglutinabdity and virulence to mice of certain variants of Bad^lwn aerirydet 
J Hyg Cajnb » 30 40 

WufaLOTT C. E, A. & Fauc, L S (1028) Studies on salt action. VIII The Influence 
of calcium and sodium salts at various hydrogen Ion concentrations upon the 
viability of Baet cotL J Bad 8 216 

EXPLANATION OF PLATE 
Msgolflcstloa xlSOO CdhotQ eceZcAii from oultores 1 d4 

1 2 % DIfeo Baoto<peptOM broth. 

2 2 % Evans s bacteriological peptone broth. 

8. Bifeo peptoi>e>agar 
4 Evans s peptone'Sigar 

6 2% Evans s peptone from which bad been itmovad by precipitation with 

ommonimn hydroxide ( Ammonia precipitated Evans s peptone ). 

6 Ammonia piedpttated Evans s peptone (80 mL) + 15 mg FeC3« 

7 2% Dlfco peptone broth +0*1% msgnesinin sulphate. 

8 2 % IMfeo Booto peptone previously extracted with ether at pH 8 5 ( ether extracted 
IHfco peptone ) 

9 a% Ether extracted Dlfbo peptone +0-16% magnesium sulphate. 

10 4 % Ether extracted Blfco peptone 


{Recdved 3X March 1948) 
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maxunum hand pressure for 80 sec, scraped together as it mounted the sides 
of the mortar* and the rubbing repeated. Indication of satisfactory breaking 
of the "WES given by the mixture darkening in colour and becoming moistcr 

It ivas transferred (spatula) to a fresh, cooled centrifuge tube the mortar and 
pestle vrashed with extracting solution the washing added to the tube, and the 
•whole mixed -well and centrifuged. This yielded layers of the alumina below 
a yellow jmce above, and one or more layers of cell debris between. Separation 
of the grinding agent from the cell debns waS much sharper •with alumina than 
with glass powder presumably because the alumina had been prepared m 
uniform particle size 

Degree of cdl breakage The fraction of cells broken by treatment was 
estnnated by comparing the ratio of cells to alumina particles, before and after 
rubbing Duplicate shdea were made carrying m films of water (o) a specimen 
of the mitial mixture and {b) a spccimon after rubbmg These were dnwi, fixed, 
stained “with methylene blue or by Gramms method and examined in cedar ■wood 
oil or a substitute of aimilAr refractive mdex. The alumina particles were then 
■visible. In such preparations glass particles are mvuible but similarly prepared 
shdea with glass particles can be examined m water The numbers of mtact 
bactena and of alumina particles m suitable fidds of the four films were then 
counted Reasonable agreement between the duphentes was found, pro'vided 
the imbal mixing had been thorough, fixing adequate, and blotting avoided 
in drying the shdea The bactena apparently pro^vided adequate anchoring 
material for the alumina particles Gram positive organlnns ■were seen extremely 
sharply after partial breakage and Gram staining against a background of 
unresolved (by in. objective) Gram positive material and colourless alumina 
Cells dented' or partly damaged by the alumina were only occasionally seen 

It is easy to break over 99 % of the cells of streptococcal preparations m this 
way Breakage was most commonly less complete When the mitial centrifuged 
THAM of bactena was too moist through madequate centnfugmg or dralmng 
from mother liquor after centrifuging though considerable latitude ■was per 
missible m these factors Thus, preparations of moist ircight/dry weight ratios 
between 6 and 9 were adequately broken when the ratios of alumina 
■weight/moist bacterial weight ■were 2 5 to 8 With practice it is possible to add 
2 6 tunes the bacterial ■weight of alumina, and to judge by the consistency of 
the mixture whether more alumina is likely to be needed m the desirable 
consistency the mixture seems dry and can be moulded to shape, though it is 
more fnablc than would be desired for modelling It is further possible to tell 
by the feel and appearance during robbing with the pestle, whether breakage 
IS occurring and more alumma can if necessary be added at this stage Excess 
alumina rarely prevented breakage, but made the later extraction less complete. 

Enzyme acUv%iy of cell extrade 

Olycolyttt in an extract from haemolytic streptococci Cells of a ^ haemolytic 
streptococcus (stram Richards NC.TC no 6081) of wet weight 0 48 g and 
wet weight/dry weight ratio 7 5 were broken "with 1 1 g alumina. The product 
was rubbed up with 0*85 ml of a co^d mixture of equal voL of 0*05 ii phosphates 
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pH 7 0 tod a yeast extract (made by boiling baker’s yeast with its own weight 
of water for 15 mm , coolmg and takmg to pH 7) The mixture was immediately 
centrifuged in a tube packed m ice (‘Bara’ centrifuge, 5 mm) Warburg 
vessels had been prepared with reagents sufficient to give final concentrations 
of NaHCOg, 0 03 M, glucose, 0 05 m, hexosediphosphate, 0 02 M The extract 
(0 24 g , equivalent to 17 mg dry weight of streptococci) was added, yellow 
phosphorus placed in a centre well, Nj + 5 % CO, passed, the solution equilibrated 
, at 87°, and readmgs commenced 7 mm after placing at 87° (40 mm after 
grmdmg the cells) COj evolution was Imear dunng the penod of 7-SO min 
at 37°, and at the rate of 14/tmol /hr Chemical determmations (Fnedemann 
& Graeser, 1983) showed over 85 % of this to be due to the formation of laetic 
acid This rate of glycolysis represented about 10 % of the activity of the 
intact cells, and so compared favourably in activity with glycolyzmg extracts 
jfrom other bactenal cells Extracts prepared from streptococci by ground 
glass were markedly less active Other extracts prepared with alumina had 
8-12 % of the activity m suspensions which contamed less than half of the dry 
weight of the ceUs 

When glutamme (0 01 m) was added to a reaction mixture similar to that 
detailed above and contammg a portion of the same streptococcal extract, 
additional 2^3 was found to be produced at the rate of 0 15/tmol /mg- 
equiv of juice/hr durmg the glycolysis This rate is also about one-tenth of 
that of the reaction in mtact cells (cf SIcIlwam, 1946) 

Deamination of adenosine diphosphate Streptococci (Richards’s strain) were 
broken with alumma and extracted with twice their moist weight of 0 05 M 
phosphates, pH 7 With 0 02 sr phosphates, pH 7, 0 03 M-NaHCOs and 0 05 jr 
adenosme diphosphate m an atmosphere of 5 % CO 2 m Nj (yellow phosphorus 
in a centre well), NH 3 was evolved at the rate of 0 25/imol /mg -cquiv 
of cells/hr "When adenosme diphosphate (0 05 m) was added to a glycolyzmg 
streptococcal extract prepared and reactmg imder the conditions of the 
preceding section, additional NHg was formed at the rate of 0 5pmo] /mg - 
equiv ofjuice/hr 

Argimne dihijdrolase Preparations were made from streptococcal strains, by 
extractmg 3 times with 0 6 % NaCl twice the moist volume of the cells 
Reaction (cf HiUs, 1940) was earned out with the extract in 0 04 M phosphate, 
pH 7 , contammg argmme, 0 05 m With the B strain, NHg was evolved at the 
rate of 0 5 /imol /mg -equiv dry wt /hr This is about one-third of the total 
cell activit>% but the pH optimum of the enzyme has not been fully investigated 
It corresponded to 85/imol /g of liquid extract/hr Activity was lost on 
heatmg at 100 ° for a few mmutes 

Bepeated use of powdered alumina 

Under some circumstances the alumina may with advantage be used 
repeatedly The foUowmg two methods were tried, using it for extracting 
argimne dihj drolase. 

The deposit of alumma after grmdmg and extractmg streptococci was 
washed once bj centnfugmg, suspended m 5 ^ ol cone HNO3, taken to dryness 
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in a silica basin and then to red heat, ^(mtion left a light grey pcrwdcr, still 
in particles of about the original size and shape. This was used for the breakage 
of streptococci which followed its usual course but the jmce obtained on 
extraction was without arginine dihydrolase activity The absorptive pro 
pertaes of the alumina with respect to the enzyme had presumably been 
changed, it was not further examined. 

The deposit of alumina ofta gnndmg was washed twice with water spread 
and dned at 100® and used in the standard manner for extracting arginme 
dihydrolase from a second porbon of the batch of streptococci used initially 
The extract showed about 1 8 times the activity obtamed from the first portion. 
Recovery was repeated and yielded agam a juice of slightly higher activity 
In this case cdl constitutents from the carher extractions presumably remained 
attached to the alumina and reduced the absorption m later extracts. 

I am greatly indebted to Mr D E, Hogbes for assistance during this work, and to 
Mrs M. Bldsobowsky for a gift of adenosh^ diphosphate. 
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A Critical Study of Factors Influencing the 
Microbiological Assay of Nicotinic Acid 

By E KODICEK and CATHERINE R PEPPER 

Dunn Ntitnhonal LaboTafory, Vnwersity of Cambridge 
and Medical Research Council 

SUMMARY The cultural characters of a stram of Lactobacillus arabinosus and 
L helveticus used m the microbiological assay of nboflavin and mcotimc acid proved 
to be tj'pical, exceptmg that neither stram fermented xylose and the strain of 
L arabinosus fermented rhamnose but not raffinose Neither produced catalase, so 
that a strongly positive catalase test m these cultures indicates probable contamination 
by common air-bome nucro-orgamsms 

Modifications of the medium to achieve maximum acid production "were investigated 
by altering, onuttmg or adding imnous constituents A modified medium was 
adopted allowing a slightly higher acid production In this medium the maximum 
acid production was obtamed in the presence of natural substances hke peptone 
The maximal acid production obtamable with mcotimc acid alone was sightly 
lower, suggestmg an additional specific factor m peptone No confirmatory evidence, 
however, could be obtamed of its existence Lmoleic acid in a concentration of 
040 yg /lO ml medium depressed the acid production, and its action was antagonized 
by cholesterol Other fattj' acids and hpids had no effect 
A good reproducibdity and a small coelficient of variation was found between 
tubes at \ anous levels of mcotimc acid withm any one assay, but between separate 
assays the \anation was high (coefficient of vanation = 12-19 %) 

Smee Snell & Wright (1941) published their ongmal microbiological procedure 
for the estimation of mcotimc acid, it has been modified by a number of 
workers (Krehl, Strong & Elvehjem, 1943, Barton-Wright, 1944, 1945, 
Sarett, Pederson & Cheldehn, 1945) Experience in the assay of nboflavin 
wnth Laciohacillus hcheiicus showed that, by the use of an improved medium, 
a higher acid production and an increased reproducibility could be obtained 
(Kodicek, 1948, Pepper, 1947) An attempt was made to improve conditions 
hkewnse for the mcotimc acid assay, with L arabinosus as the test organism 


EXPERLVIENTAL 

Cultural characteristics o/LactobaciUus arabmosus and Lactobacillus hclvcticus 

The characterisbcs and biochemical reactions of L arabinosus were compared 
with those of L Iichcticus Snell’s ongmal stram L arabinosus, 17-5 (Snell & 
Wnght, 1941) was obtained from Dr Snell in 1944 After monthly subculture 
on \ east-Avater glucose agar slopes, and storage of the tubes at 4°, it A\ns found 
in 1945 to be unsuitable for the assay of mcotimc acid The bacteria had lost 
their scnsitmU , their response to graded doses of mcotimc acid was Acrv 
erratic, and the agreement bctA\een tubes at each IcacI of addition A\as poor 
A fresh culture kindlA supplied by Dr BartonAVnght was investigated It 
proA cd to be thc/i-aminobcnzoic acid mutant described by Snell (sec Shnnkman, 
1943) Lewis also desenbed this mutant strain (sec Pennington, 19 fC) and 
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stated that his stock culture, used as the test organism for this particular assay, 
suddenly acquired the ability to dispense with p ammobcnioic acid- 

The stram of L hebxixcu* obtamed from Dr Barton Wnght in lO-tS, was 
derived from Snells ongmal strain no 7499 A.T C. (SneU A- Strong 1989) 
It was m continuous use for expenmental work from the time it was obtamed 
and never showed any sign of mutation its response to added nboflavm was 
constant and satisfactory 

Both strains had the following features charactensbo of members of the 
genus LactiAtocxllui Gram positive, non motfle non-sporing micaxi-aeroplulic, 
aadimc, fermenting carbohydrates to give lactic acid but no gas pleomorphism 
and irregular beaded staining m old culture, growing well only on complex 
media, mdole negative, methyl red positive, and catalase negative, "When 
testing the organisms for their sugar reactions, yeast extract was added to the 
tubes. When this was not done, falsely negative results occurred merely 
because of lock of growth, 

Wilson & Miles (1946) state that some of the I^aetobacilleae are very 
slightly catalase-positive. With these two organisms there was no spontaneous 
evolution of gas upon addmg although m the course of several hours 

a few bubbles of Oj did collect. The mihal lack of reaction provided a qmck 
and useful check test for contaminaticm of the cultures Smce the common 
airborne bactena are strongly positive, and contamination from bacteria 
other than these is very unlikdy, an immediate production of 0^ is mdicative 
of contamination, 

L heloctxcus ferments Utznus milk rapidly and after 48 hr at 87 there is an 
acid clot and reduction m the lower porbon of the tube L ardbinosus on the 
other hand, takes its place m Type B of White A. Avcry^s classification (1910) 
producing msulBcient acid to clot the milk (even after 5 days* mcubation) 
although here again reduction occurs slowly m the lower part of the tube. 

McIntosh James & liozarua Bariow (1023) and Day A. Gibbs (1928) 
workmg with lactobacilli associated with dental decay reported that the 
reactions of mdividual strains were not constant. With L arabinosut and 
L helveixcui however we obtained the same results (Table 1) on six occasions 
Some of these fermentations were atypical according to Bergey (1989), but 
with one exception agreed with the findings of Carmen, Dunn A SaHe (1947), 
who studied extensively the effect of various carbohydrates upon the acid 
production of different strains of lactobacilleae, m this laboratory L arabtnosus 
has always fermented rhamnose but not rafflnosc. 


AUerofions of medium 

The effect of altering smglc constituents of the medium for nicotimc acid 
assay was studied, m order to obtain an improved medium which would 
contain growth substances m optimal concentrafaons (see Leonian A, Lilly 
1046) and allow for greater accuracy from a steeper response curve. Unless 
otherwise stated, Barton Wnght s procedure (1044) was used the results 
reported are means of 8-6 tubes. 
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Modification of Barton-Wnghfs basal medium The following alterations of 
Barton-Wnght s basal medium (1944) were made The quantities quoted 
refer to concentrations m 100 ml of final basal medium 

(i) The glucose concentration was mcreased from 2 to 8 g jlOO ml 
(u) Potassium acetate was used instead of sodium acetate and the 
concentration mcreased from 2 to 8 g /lOO ml 
(in) Phosphate solution (20 g /lOO ml ) The amount added was mcreased 
from 0 5 to 2 ml /lOO ml 


Table 1 Sugar fermentation tests 


Sugar 

L helveticm 

L arabinosus 

Axabmose 

— 

+ 

Dextrin 

— 

Glucose 


+ 

Dulcite 

— 


Galactose 


+ 

Glycerol 


— 

Inosite 

— 

— 

InuLn 


— 

Lactose 

+ 

+ 

Fructose 

+ 

+ 

Maltose 


+ 1 

Mannitol 

*- 

+ 

Mannose 


+ 

RafRnose 


— 

Rhamnose 

+ 

+ 

Salicin' 


+ 

Sorbitol 

— 

+ 

Sucrose 

— 

+ 

Trehalose 

-f 

+ 

Xylose 

— 

- 


(iv) A salt solution (E) contammg Mg, Mn, Fe, Cu, Zn sulphates and NaCl 
(Table 6) was used m place of salt solution B (Snell & Strong, 1989) 

These four modifications previously found optimal for the nboflavm assay 
(Kodicek, 1948) were adopted as bemg those most likely to encourage a high 
acid production by L arabinosus 

(v) Casein Spray-dned acid-hydrolyzed casein powder for microbiological 
assay work (Ashe Laboratories Ltd ) was tested in concentrations from 0 3 to 
8 g /lOO ml As wiU be seen from Table 2, the blanks gave too high an acid 
response when concentrations of, or higher than, 1 g /lOO ml were used The 
same maximum acid production was obtained both with 0 3 g and with 
0 5 g casern, and 0 3 g JlOO ml was adopted for this particular sample of 
casern hydrolysate 

(vi) B vitamins The concentrations of aneunn chlonde hydrochloride, 
pjTridoxm hydrochloride, p-ammobenzoic acid and calcium d-pantothenatc 
were mcreased ten times from 0 01 mg /lOO ml to 0 1 mg /lOO ml each The 
increased concentration of the B 'ntamms, however, had no significant cficct 
on the acid production of L arabinosus 

(vii) Punnes Adenme sulphate, guanmc hjdrochlonde and uracil were 
added at different concentrabons (Table 3) The concentration around 
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8 mg/100 mL seemed to be about optimal and Tvas adopted in the final 
medium 

(viii) Cyttttif Increasing the conoentration of L-cyatine from 0 02 g to 
0 04 g /lOO mh produced no beneficial effect and, moreover some of the 
cystmc came out of solution ■when adjusting the pH of the medium to 6 8 The 
original concentration was therefore used throughout. 


Table 2 Effect of increasing the conccniraHon of 
acid hydrolyzed casetn 

Kleotlnio acid (fig /lO iriL medhup) 


Material 

CoocRitration 
(g flOO mb medium) 

0 

CK« 01 08 

0-1 N acid produced (rat) 

05 

Add bydrolyxed oacdn 

0 

0 

1 8 

1 7 

28 

8-0 

powder for microbio- 

0-8 

1 0 

48 

ft-0 

0 6 

12-0 

logical work 

05 

1 7 

84 

51 

0-0 

11 5 

1-0 

84 

55 

62 

104 

18-0 


2-0 

S 5 

7-6 

8-6 

12-2 

U1 


8-0 

74 

6-0 

0-5 

11-7 

12-0 


Table 8 Effect of increasing the conecniraUcm of pttrtnes 


NicoUoio add (jig flOml mediom) 



Coacentration 

0 

0-1 

0-2 

05 

1-0 

Uatedal 

(g /lOO mb mediom) 


0-1 K-add pTodoced (mb) 


Purine solotUm 

(MWl 

(yr 

4-0 

09 

108 

12 1 


0-003 

1 1 

4-2 

65 

11-6 

14 2 


0<M>5 

0 

84 

58 

11 8 

11 5 


0-010 

0 

8 6 

5-0 

10 5 

12 6 


Ptxrine tolutkm cooUlned odenlM aulphate, gaaoine bydrochloride and nradl, 1 mg fmL 
each. 

(ix) Btffers Various buffer solutions (Guirard Snell A, Williams 1946) -were 
tested instead of potassium acetate (Table 4) As they did not Increase the acid 
production, 8 g flOO ml of potassium acetate ■were retained. 

Additions to the basal medium The following sugars, which were fermented 
by L arabinosus were added m turn to the medium (already containing 8 g 
glucose) m a concentration of 1 5 g /lOO ml L-arabmose, galactose, mannose, 
mannitol inositol and lactose. None of these compounds gave a significant 
mcrease in acid production Add production decreased when sucrose, but not 
when fructose, was substituted for glucose. Glucose was rctamed in the final 
medium 

Various other substances includmg some of those reported by other -workerB 
as growth stimnlants, were tested m turn. Under existing conditions no 
improvement was foimd on adding them m the following amounts per 100 ml 
of final medium Na pentose nucleotide O'OS and 0 8 mg diovymaleic acid 
6 4 mg maleic acid 0 4 mg succime acid 0 4 mg choUnc chlonde 100 mg 
fohe add 2 6 mg asparagme 2000 mg , glutarame 0 1 mg glutamic acid 
onus ao 
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(added before and after autoclaving tubes) 0 1, 0 2 and 10 mg , methionine 
1 2 mg and thioglycolhc acid 100 and 700 mg 


Table 4 Effect of alterations of buffer 

Nicotinic ticid 
(jig /lO ml medium) 



Added 

0 

05 

Buffer 

(g /lOO ml medium) 

0 1 N acid produced 

(ml) 

K acetate (own medium) 

8 



0 

97 

Na acetate 

OOll 

1 

00 

70 

KHj citrate 

0 25j 

r 

K acetate 

OOll 

1 

05 

74 

KH, citrate 

O25J 

r 

Na acetate 

oil 

1 


1 6 

93 

KH, citrate 

22| 

f 


K acetate 

Oil 

1 


J 8 

94 

NaAc 

221 


/ 


Table 5 The effect of omitting individual constituents from the medium 

0 1 N acid production (at 
0 5 /ig nicotinic acid 


Constituents omitted 

level/10 ml medium) 
(ml) 

% of acid production 
m ‘complete’ medium 

0 (control ‘complete’ medium) 

10 0 

— 

Glucose 

04 

4 

Xylose 

10 1 

101 

Potassium acetate 

52 

52 

Casein, acid-hydrolyzed 

07 

7 

Tryptophan 

33 

83 

Cj'stine 

07 

07 

Adenine sulphate 

8 2 

82 

Guanine hj drochloride 

83 

83 

Uracil 

81 

81 

Xanthine 

10 2 

102 

Biotm (free acid) 

20 

20 

Aneunn 

9 1 

91 

Ribo^a^^n 

- 10 1 

101 

Pyndoxin h\ drochloride 

8 0 

80 

Calcium d-pantothenatc 

53 

53 

p-Aminobenzoic acid 

99 

99 

Salt solution A (phosphate) 

58 

58 

Salt solution E 

70 

70 

Ammonium sulphate 

11 2 

112 


Omissions from the basal medium The substances listed m Tabic 5 were 
omitted in turn from basal medium to which 5/<g /lOO ml of nicotinic acid 
had been added The table gi\es the average results from three separate 
expenments Since omission of xylose had no cCrcct, and it vas not fermented 
b\ L arabinosus, it was not included m the final medium Ribonn\un ^\as found 
to be non-cssential, confirming the work of other authors (Snell & Strong, 1938, 
Krchl ei al 1943, Snell, 1945, Barton-Wnght, 1945) and ivns also omitted, ns 
were ammonium sulphate and xanthine The maintained acid production of 
our strain of L arabinosus, in absence of )5-aminobcn70ic acid, shoved tliat v,c 
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have thep ammobenzoic acid mutant mentioned by Snell (Shanhraan 1948; 
Shankman, Canuen Block, Mcmfleld & Dunn, 1947) The vitamin was, never 
theless, included m the final medium in case the mutant strain reverted to the 
normal type Omission of the other constituents lowered the aad produebon, 
and they were retained m the final medium ♦ 


Table Q TabU of compositton of own final medium and of other authors 



Own 

Barton 

Krehl el at 

Sarett ei al 

■Woolley & 


medium 

Wright (1045) 

(1948) 

(IMS) 

Sebrell (1945) 

ConithuenU* 

(mg) 

(nig) 

(mg) 

(mg) 

(mg) 

GIoodm 

8000 

2000 

2000 

2000 

2500 

Potaasltim acetate 

8000 

2000 (NaAc) 

2000 (NaAo) 

1800 (NaAo) 

2000 (NaAo) 

Caseto powder sold hydro* 

800 

800 

600 

500 

1000 

lyxed vltainiii-freo 

L“Tryptophan 

10 

10 (dl) 

10 (di.) 

— 

10 (dl) 

L-Cystlno 

20 

20 

20 

20 

10 

Adenine txilphate 

3 

1 

1 

— 

1 

Goanlne hyditxiiloride 

8 

1 

1 

— 

1 

UraoQ 

8 

1 

1 

— 

1 

Xanthine 

— 

1 

— 

— 

— 

KH,PO* 

200 

50 

50 

50 

SO 

K,HPO* 

200 

60 

60 

50 

60 

MgSO* 7H,0 

120 

SO 

20 

20 

20 

MnS 04 -iHgO 

8 

1 

1 

1 

1 

Naa 

1 

500 

1 

1 

1 

Xylose 

— 

100 

— 

— 

— 

Ammonhun tnlpbate 

— 

800 

— 

— 

— 

lioyd 8 reagent treated t 

Peptone 

— 

— 

— 

260 

— 

Lt^ extract 

— 

— 

— 

100 

— 

Yeast extract 

— 

— 

— 

300 


Norite treated yeart extract 

— 

— 

— 

100 

— 


0<g) 


{/>b) 

(ab) 

(Ag) 

FeSO* THjO 

8 

1000 

1000 

1000 

1000 

CaSO* 5H,0 

8 

— 

— 

— 

— 

ZnSO, TH,0 

8 

— 

— 

— 

— 

Biotin (free add) 

0*04 

0-04 

0-03 

— 

0 1 

Anetirin chloride hydro* 

100 

10 

10 

— 

20 

chloride 

Pyridoxin hydrochloTlde 

100 

12 

10 

— 

20 

Caldnm d pantothenate 

100 

10 

10 

10 

40 

P'AmlnobenioIo add 

100 

10 

10 

— 

20 

mboflavln 

— 

20 

20 

— 

40 


* AraounU rtated per 100 inL final medlmn (50 ml. of double-ftj ta gth medlom OnnHy dflnted to 100 mL) 


Besidts mih the alUrattons in the medium 
Table 0 shows the composition of our medium os finally modified and of the 
different basal media reported by other worken 

Our beat response curve (Fig 1) showed a greater aad productaon than that 
cited by Barton Wnght (1045) but taking the average response at different 
levels for 71 standard reference curves obtained m the course of over one year 
the values for the improved medium were only slightly higher The variation 
from experiment to experiment was considerable for 71 expenments the 
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coefficient of vanation calculated for different levels of nicotinic acid ranged 
from 12 to 19 % (Table 7) On the other hand, in one single experiment the 
agreement bet^veen tubes at vanous levels of nicotimc acid was found to be 
very close and the variation small (Table 8) 



fi,% nkotinlt itId/IO ml medium 

Fig 1 Dose response curv e of L oraioTjosns m different media 

It was difficult to compare our average values for the standard reference 
cur\^e with figures reported by other workers, as they do not indicate whether 
their ounces referred to average values nor do they give any idea of their 
vanation 

Because of the great vanation m the acid productions from one experiment 
to another, the effect of altenng the various constituents of the medium were 
tested withm one expenment, and a control standard curve was always 
determined at the same time 

A similar erratic response was found when using L Jielvclicus with a certain 
nboflavin-free medium T\Tien this was modified to give an acid production 
several times greater than the onginal, the results ivcrc then far more repro- 
ducible (coefficient of vanation 3-7 %, Kodicek, 1918) Some dcficicncj of the 
medium ma\ also be the reason for the erratic responses voth L arabinostis 
As vail be seen below, this organism is also capable of producing large amounts 
of acid of the order of that produced by L Iielvclicui 
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Ae\d-^odv£ir\^ poitniudUxtt of Lactobacallus arabmosus 

ii order to determine whether L arabxnosxit was capable of such high aad 
production as L hehcHcut in the riboflavin assay, L aralniumis was seeded 
mto a modified riboflavin free medium containing Q 5 fig flO mb of added 
mcotmio aad The aad production was between 22 and 27 mb equivalents of 

Table 7 Average acid production in modified medium 




and variation between expenmenit 




No. 

of 


Nicotinic add Oig flO ml medium) 



0 

0*03 0-1 

0-15 

0 3 0-25 

0-8 

0-6 

Medium 

exps 


0-1 If add prodoced (mb) 



Barton Wright 



00 

2 8 

4-8 

8 6 0-4 





(IMS) 

Oim medinm 

71 

00 

— 4-3 



05 — 

8 8 

11-0 

Standard deviation 

±0 8<W 

±0-802 


±0-007 

±1-025 

±1295 

Coeinaient ofvarla 

06 

10 


18 

12 

12 

tion (%) 










Table 8 

Vanatton between iubei 



Coacentratioa of 



0*1 If add 



CoelBdent of 

nicotinic add 


No of 

prodoced 


Standard 

varUtloo 

(10 mL medinm) 


tabes 

(mb) 


devlBtioo 


(%) 

0*1 ns 


23 

48 


±0 288 


0-0 

0 3 /eg 


23 

71 


±0-318 


8-0 


0 1 N NaOH When, however peptone was omitted from the medium it no 
longer supported such high acid production. When pbotolyzed Bacto-peptone 
(Snell & Strong 1989) was added in a comparable concentration, be. 100 mg / 
10 mb to the modified medium used m the nicotmic acid assay the acid 
production at 0*6/tg nlcotimo aad/10 mb was increased from about 11 to 
22 ml equivalents Untreated Bacto peptone had a similar effect m 18 experi 
ments the average aad production was 21 3 ml ±0 098 equivalents Similar 
high values however were also obtamed when no mcotinic aad was added 
(Tabic 9) 

The nicotmic acid content of Bacto-peptone was found by chemical tests to 
be 87;ig /g The addition of 100 mg of peptone/lO mb would add 8 7 fig of 
mcotinic aad to the mcotmio aad free basal medium To dcade whether the 
high acid production could be attributed solely to mcotmic acid, the vitamin 
was added m comparable araoimts to the basal medium (Table 9) Addition of 
peptone resulted in a slightly higher add production thah that found upon 
addition of S/tg of nicotmic acid When the i test was apphed to test for the 
sig n ifi ca nce of the differences the probability that these results were due to 
chance could not be ex<Iladed 

Further experiments were carried out to distinguish the peptone factor from 
nicotmic aad The factor which seems to increase the add production above 
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that obtained with a corresponding level of nicotinic acid was stable to alkali, 
insensitive to hght, not precipitated by 90 % ethanol, not extractable by 
CHCI3 at acid pH, adsorbed completely on activated charcoal at acid pH, and 
partially at neutral pH These properties are similar to those of nicotimc acid 
and no conclusion could be drawn from these experiments Further work on 
this matter is bemg carried out 

It is clear that L arabinosm is capable of producmg as much acid as 
L helveiwus (Fig 2) The shape of the response curve is such that the increased 
acid production does not affect the lower portion of the response curve 
(between 0 1 and 0 2 fig of nicotmic acid) which is used for assay work 


Table 9 Companion between acid productions tn response 
to peptone and high amounts of nicotinic acid 


Addition per 

10 ml medium 

No 

of 

exps 

Average 

0 1 N acid 
production 
(ml) 

Standard error 
of the mean 

Remarks 

Nicotimc acid 

0 5 ftg 

71 

110 

±0 154 

— 

5 /ig 

14 

18^0 

±0 473 

— 

10 fig 

5 

19*4 

— 

— 

200 ftg 

1 

18 0 

— 

— 

Bncto-peptone 

100 mg 

9 

20 1 • 

±0 828 

Equivalent to 

100 mg +0 5 /(g nic. acid 

13 

21 3 

±0 008 

3 7/ig me acid 
Equivalent to 

100 mg +5 ftg nic acid 

2 

27 8 

. . 

4 2 ftg me acid 

100 mg + 10 fig nic acid 

1 

23 5 

— 

— 


U' for difference of means between peptone and 6/ig nieotinic acid =1 70, ‘l’ = l 72 
corresponds to P=0 10 

‘f’ for difference of means between peptone with added nicotinic acid and 5/ig nicotinic 
ncid = 3 2-1, ‘f’=:2 70 corresponds to P=0 01 

Inhibitory substances 

Iron and calcium. In view of the findings of Chattaway, Happold & Sand- 
ford (1943), regarding the toxicity of certam cations, the effect of both iron 
and calcium was investigated m the modified final medium (Table 10) 
containing 0 1 and 0 5/ig mcotinic acid/10 ml respectively 

FeSOj 7H.0 was added to a final maximum concentration of 1 mg /lOO ml 
of medium Calcium was added as CaCU m concentrations of 10, 70 and 
140 mg /lOO ml These amounts were chosen as being considerably in excess 
of concentrations likel) to occur m extracts from most iron- and calcium-rich 
foods 

As will be seen from Table 10, there vas no significant decrease in acid 
production m the presence of the iron salts or of CaCI, With extremely high 
concentrations of CaCl, (70 and 140 mg /lOO ml.) there was a certam decrease 
m acid production only at the lc\cl of 0 3//g nicotinic acid 

Lxnolcic acid and other fatty substances Unlike h heheticus, L arabinosus lias 
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been reported to be insensitive to fatty acids (Bjehl et al 1048) Their effect 
was tested on the organism used in this laboratory Similar precautions were 
taken as m experiments with L hcloeticua (Kodicek & Worden, 1046) and the 
tests were repeated with CHClj-extracted medium to prevent smy mtcrference 



Fig 2. Mayirmrm add prodocttoo of L. an^dnotuM and lb helvftiau 
on ad^tiem of ftoeptial vitamlii 


Table 10 of xncreastng Vie concentration of von end coZcittm Malts 




Nleotiaitf add {jtg /lO mL) 


Added 

0*1 

0-5 

Material 

(mg /1 00 tnL) 

0 1 N aold produced (mL) 

Coatrol 

— 

40 

0-7 

FeSO* 7H,0 

0-1 

— 

10-9 


0-5 

4-4 

03 


0-10 

4-5 

9-8 

Cadf (dried) 

lO-O 

— 

09 


70-0 

46 

78 


140-0 

58 

7-7 


from fat soluble substances The results arc shown m Table 11 The acid 
production in CHCl,-extraoted medium was practically the same as that m the 
ordinary mediunu There was almost complete inhibition of g row t h upon 
addition of 640 /ig flO ml of potassium Unoleote (prepared from pure methyl 
hnoleate, iodme value 178) In presence of cholesterol (640 /ig flO mL) this 
inhibition with hnoleate did not take place. The inhibition by llnoleic acid 
occurred. Irrespective of whether CHCl,-extracted or ordinary medium was 
used 
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At a level of 160//g Imoleic acid there was proportionally less inhibition 
The depressant effect was more marked at higher levels of mcotmic acid 
(Fig 8) 



rlbon»vln/10inl of medium 


Fig 3 Effect of bnoleate on acid production of L arabinosxis 


Table 11 Effect of fatty acids and lipoids 


Nicotinic acid (jig /lO ml ) 



Additions 

4 




s 


(040 /ig /lO ml 

0 

0 1 

03 

05 

10 

Medium 

medium) 


0 1 N 

acid produced (ml ) 


Uncvtractcd 

— 

0 

40 

87 

11 5 

131 

CHClj-cvtractcd 

— 

0 

4 1 

88 

12 0 

— 

Uncxtracted 

Linoleatc 

0 

0 

— 

23 

1 4 

CHClj-cvtractcd 

Lmolcatc 

0 

1 1 

— 

05 

20 

CHCIj-c\tractcd 

Linolcate and 

0 

37 

— 

78 

0 1 


cholesterol 






CHClj-cxtnictcd 

Palmitic acid 

20 

47 

— 

12 0 

— 

CHClj-cxtrictcd 

Stcanc acid 

04 

3 8 

— 

10 2 

— 

CHGj-cvtmctcd 

Lecithin 

02 

3 3 

— 

10 3 

— 

CHClj-c\troctcd 

Giolcsterol 

03 

33 

— 

11 5 

— 


Palmitic and steanc acid, lecithin and cholesterol verc each tested at a level 
of G40 //g /lO ml (Table 11), none of these substances had a marked effect on 
the acid production. 

Kodicek <S. Worden (1945, 194G) suggested that tlie inhibitor}^ effect of 
hnoleic acid might be due to the formation of a molecular monolayer on the 
surface of the bacteria Accordingly, it was decided to investigate the effect 
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of stirface-achvc Aerosob These compounds are long chain di*c8ters of sodium 
sulpho-succlnatc, e.g 

C,H^iCOO CH, 

C^Hj^iCOO CH SO, Nb+ 

Two samples Aerosol AY (n=«8) and IB (n«6) were kmdly supphed by the 
Colloid Science Department^ Cambridge. As will be seen from Table 12, the 
Aerosols m concentrations of 640 /ig flO mb showed no such inhibitory effect 
as was observed with ImolciQ acid It seems that the effect of hnoleic acid if 
it 18 a physico-chemical one, is different from that of detergents like Aerosols 

Table 12 of ItnoUic acid and Aerosols ad(Ud io CB.Oi'extracted medium 

Nlcotinki add /lO mL) 

Addition 0 D-fi 

(040 fig /lO mL roedhnn) 0-1 n add prodoccd 


None 

0-5 

11 5 

Xinoteio add 

0 

0 

Aerosol IB 

0 

las 

ActomI AY 

1-7 

11 5 


DISCUSSION 

The Btram of L aralnnosus used in this laboratory proved to be the p ammo 
benzoic acid mutant mentioned by Amencan workers Its cultural character 
istics a g r eed well with published findings with the exception of its fennentmg 
properties for ralRnose and rhamnose. The former contrary to findings of 
Camien d aL (1047) was fermented by the organism, while raffinose was n6t. 

We can confirm the growth promoting effect of peptone (Pollack & Xindner 
1648 Sarett et aJ 1945 Camien et aL 1947) but we were unable to decide 
whether it was due to a specific factor or to the high nicotmio acid content of 
this substance. 

We have omitted several constituents which were found to be non-essential 
for L arainnosus namely xylose, xanthme ammomum sulphate and riboflavin 
and, on the other hand mcreased the concentration of glucose, potassium 
acetate, phosphates magnesium manganese salts and B vitamms Knight 
(1046) reported m his review that punnes had definite growth promoting 
effects on L aralnnosus Sarett d al (1645) however found high amounts to 
be deleterious We did not find this to be the case and mcreased the concen 
trabon of adenine, guanine and uraefl The amoimt of tryptophan was not 
altered smcc no beneficial effect was found when increasing its concentration 
ten times above that used in the original medium 

Contrary to reports that iron salts exerted a marited depreasmg effect on 
certain bacteria the> did not interfere m our tests in concentrations wliich 
were m excess of those usually encountered when assaying iron nch extracts 
Colaum salts only in a very high concentration 70-140 rag /lOO mk, decreased 
the acid production slightly but such a high concentration of calcium is 
unlikely to occur m extracts of foodstuffs 



304 E Kodicek and Catherine R Pepper 

Lmoleic acid inhibited the acid production of L arabinosus Higher 
concentrations -were needed than those that were bacteriostatic for L hchcltciis 
Tins relative insensitivity may explam the negative findings of previous 
workers The inhibition could be counteracted by cholesterol, as was the case 
"with L helveticus The mode of action, if it is a physico-chemical one, would be 
different from that of such detergents as Aerosols which are melfective in 
comparable concentrations We can confirm that stearic and palmitic acids, 
cholesterol and lecithm have no enhancmg effect on the acid production even 
at high concentrations For assay work, the removal of lipids is adnsable 
because of possible effects by unsaturated fatty acids, although the relative 
msensitmty of L arabinosus makes this less essential than when working with 
L helveticus 

The modified final medium feU short of our expectations of obtaining the 
high acid production experienced m assays with L helveticus Within any one 
experiment the results between tubes agreed closely, but a rather high variation 
between experiments was observed This somewhat erratic response from one 
experiment to another wdl be referred to in another paper (Kodicek & Pepper, 
1948) winch deals with actual results on foodstuffs There the reproducibihty 
of the nicotimc acid values in rfepeats and the good agreement between chemical 
and microbiological values contrast pleasantly with our experience of the 
response of L arabinosus towards mcotinic acid alone Nevertheless, we feel 
that L arabinosus is not the most appropriate organism for nicotinic acid 
assays Its effective range for assay of nicotimc acid is far below its optimal 
requirements for this vitamm, under certam conditions it may, on the other 
hand, dispense with nicotmic acid (Shankman et al 1947) 

We Tvisli to thank Drs A E Alexander and A I McMullen for kindly supplying 
us with samples of Aerosols Our thanks are due to Dr L J Hams for lus continued 
interest in this work and Dr C G McGaughcy for the facilities kindly granted by 
the Institute of Animal Pathology, Cambndge 
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The Microbiological Estimation of Nicotinic Acid and 
Comparison with a Chemical Method 

By E KODICEK and CATHERINE R PEPPER 

Dunn Nutritional Laboratory, University of Cambridge 
and Medical Research Council 

SUjMMARY a modified basal medium ■was employed for the assay of mcotimc ne 
contamed m vanous biological matenals Of the ■vanous possible compansons 
test matenal with standard mcotimc acid m the assay, the ‘internal standan 
method is preferable , by assaymg the standard mcotimc acid m the presence of tl 
test matenal, any discrepancies due to substances stimulating or mhibitmg tl 
mcotmic acid effect are mimmized 

Of the different e-straction procedures tested, treatment of samples ■mth N'NaO! 
and n-HjSO^ gave the most satisfactory results, both N-NaOH and n-H,S( 
appeared to convert a ‘precursor’ m potato and bran, mto mcotimc acid 2 n-H< 
e'rtracts yielded lower values, but the conversion of the precursor was less cffcctii 
with potato than ivith Tiran, suggesting different precursors m the two vegetab 
substances 

The results of microbiological and chemical assay were m good agreement Tl: 
coefficient of vanation of the microbiological results was of the order of 9 % 

In a pre'vnous paper (Kodicek & Pepper, 1948) we exammed vanous factoi 
which may influence the microbiological assay of nicotinic acid, and describe 
a medium allowing a slightly higher acid production tlian with former! 
described media Withm one experiment the agreement betiveen tubes wa 
close with a satisfactorily low standard de'viation Between different expcri 
ments, howe\ er, the variation for the respective levels W'as high 

This paper deals with the application of the method to extracts of naturn 
foodstuffs, including methods of extraction and the computation of results 


MATERIALS AND JEETHODS 
Nicotinic ocid-frcc basal medium (double-strength) 


Glucose (Amlar) 

Potassium acetate 

Acid h> droh’zcd casein powder, spraj -dried, 
\ itamin free ( \she Labs Ltd ) 
n Tn-ptoplnn 
L-Cj-stinc 
Adenine sulplntc 
Guanine ll^ droclilonde 
t ricil 

Biotin (free acid) 

\ncunn clilonde In droclilonde 
IXTidoxin In droclilonde 
y Vniinobenzoic acid 
Calcium d pantpthenate 
''alt ‘olution A 
Salt solution L 


G B 

0 g 

OOg 



0 02g 

(10 ml 

of stock solution) 

OOtg 

0 OOG g • 

(10 ml 

) 

of BtoeV solution) 

0 OOG g 

0 000 g . 

j- (G ml of stock solution) 

0 OS /ig 

(0 8 ml 

of stock solution) 

0 2 mg 

0 2 mg 1 

(0 2 ml 

of stock solution) 

0 2 mg 

0 2 mg J 

1 ml 

1 ml 

(0 2 ml 

of stock solution) 
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Mxcrohiological assay of mcotxnic actd 

The pH IS adjusted to 6 8, using bromo-thymol blue as external indicator 
and the volume made up to 100 ml this is sufficient for 20 assay tubes 
A suitable quantity of this medium is prepared the day before the experiment 
and stored overnight at 4® It is advisable to check the pH immediately before 
the experiment, » 

Stock foluiiont The stock solutions of i>tryptophan L-cystine, adenme, 
guanme and uracil biotm and salt solution A are prepared as described by 
Barton Wnght (1045) No toluene or other preservative is added but aH the 
solubons are stored m the refrigerator at 4® 

Aneurin scltdion Dissolve 100 mg of aneunn chloride hydrochlonde m 
water add five drops of cone, HG and make up to 100.mL 

Pyridoxin ^-eminobenzote acid and pantothenate solution^ Dissolve 100 mg 
each of pyndoxm hj drochlonde, p-ammobenxoic acid ond calcium d panto- 
thenate m water add five drops of cone. HG and make up to 100 ml The 
solution IS renewed every two weeks 

SaU solution E 

MgSO* 7H,0 60 g FeSO* 7H,0 0-004 g 

MnSO* 4HjO 1 5 g CoSO* 5H,0 0^X>i g 

N*a 0-a g Znso, th^o 0-004 g 

Add three drops of cone, HQ and make up to 250 mk with water The 

solution keeps indefinitely 

Ntcoiinic acid standard Prepare a solution contammg 1 mg nicotinic acid 
tn 100 ml of 20 % ethanol from a more concentrated solution of 100 mg /lOO mk 
Store m refrigerator and renew every three weeks On the day of expen 
ment, it is convenient to prepare two weaker standard solutions for unme^te 
use, containing 0 1/ig /ml and 0 2/ig /ml 

Preparation of test eoAraeit 

Either of the two following methods is recommended (see also p 810) 

(1) N NaOH ftiirodwn Weigh mto a beaker a representative sample of the 
foodstuff to be tested containing about 80-40/ig nlcotmic add, odd 4 mk 
40 % NaOH and H,0 to 40 ml Heat on a boiling water bath for 45 min. 
agitatmg periodically Cool, acidify to pH 4-5 and make up to 100 ml with 
H,0 

Centrifuge If necessary Take 20 ml or more of the digested extract and wash 
with an equal volume of CHG| m a separatmg funnek Wait until seporabon is 
complete. Discard the lower CHQ, layer and centafuge the watery layer to 
removc^IlHQ, final traces of CHQ, arc evaporated off by hcatmg on a water 
bath, 'if necessary under vacuum. Take 10 mk of the CHCI, washed extract, 
adjust to pH 6 8 with NaOH (bromo thymol blue as external mdicator) and 
make up to 100 ml with H,0 

(2) N H,S 04 extradion "Weigh mto a large conical flask a sample of foodstuff 
containing about 80-40 /ig nicotmic ocid, add 8 mk of 10 n H,S 04 and water 
to a volume of 80 ml Cover the flask with an mverted beaker and autodavo 
at 16 lb pressure for 1 hr Cool, adjust pH to 4 6 ond make up to 100 mk with 
water Centrifuge if necessary Proceed with CHG, washing as under (1) 
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Two levels of the final extract are tested microbiologically, 3 ml and 5 ml 
containing approximately 0 09-0 12//g and 0 15-0 2//g nicotinic acid, re- 
spectively 


Bacteriological procedure 


Stock culture Cultures of Lactobacillus arabinosus strain 17-5 arc maintained 
on j east water glucose agar slopes and subcultured at tkree-v eckly intcn als 
After subculture they are incubated for two daj s at 87°, and then stored at 4° 
Ever}' four months they are tested for purity (see Kodicek & Pepper, 1948) 
A slope subcultured about tmee vcekly is used for preparation of the 
inoculum • 

Standardization of the inoculum The day before the experiment 20 ml of 
the nicotinic acid-free medium are measured mto a centrifuge tube (50 ml 
capacit}'), 2 fig of nicotinic acid added, and the ^ olumc made up to 40 ml 
•mth distilled vater The tube is plugged and sterilized in the autoclave for 
10 min at 15 lb pressure Wien cool the medium is inoculated and incubated 
at 37° for 24 lir. It is then centrifuged, the supernatant medium decanted 
%nth sterile precautions and the bacterial deposit resuspended in about 50 ml 
of 0 9 % sterile saline The i olumc of saline usually need not be varied, but the 
concentration of bacteria per ml is checked against Brown’s opacity tube no 1 
(approximate!} 2 x lO’/ml ) Originally the opacity nas clicckcd m a photo- 
meter, but the opacit}'-tube method is sufficiently accurate (tlie variation is 
+ 50 %) and more rapid The experimental tubes are seeded vith c 0 04 ml of 
standard inoculum 

The test is earned out as follons Pleasure into bactcnological rimless 
(10 y ICO mm ) tubes 5 ml of the double-strength medium 

Tubes for the standard nicotinic acid Four tubes are used at each of the 
folloinng le^ els of nicotinic acid 0, 0 05, 0 1, 0 2, 0 3, 0 5//g per tube and the 
1 olumc adjusted to 10 ml vith HoO As the standard nicotinic acid curve is 
not being used for the calculation of results, but only as a check for the linear 
dose-response, the number of tubes mav be decreased 

Tubes for test extracts Six tubes at each lc\ el of concentration of the final 
extracts to be tested are set up ns follows 


Lc\cl A 

Double-strength 
medium 
(ml ) 

5 

Test estmet 
(ml) 

3 

NicoUnlc ncid 
standard added 
(0 03 /ig /ml ) 
(ml ) 

Le\cl n 

5 

5 

- 

cl t ♦ 

5 

3 

1 

I>\cl Dt 

5 

3 

O 


11,0 

(ml ) 


1 


• nicotinic acid ) t (A + OOO/i'' nicotinic acid ) 


^Ilx the contents of the tubes thoroughl} and plug wnth non-nbsorbcnt 
bactcnolngical quaht} cotton wool The tubes arc autochued for 10 mm at 
15 lb an upright t\pc of autocla\c, it is conitnicnt to plac' thr tubes 

m l\tn di'h c-intstcrs, this prci tnts i cttmgof the plugs and darJ-cning of the 
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medium, probably because of residual air m the canister ■which resulta in lower 
temperatures Place in racks and inoculate as soon as they are cooL The tubes 
ore meubated In their racks at 87® for three days* Dafly shakmg of the tubes 
does not appreciably affect acid production as is the case ■with L helveitcu* 
and so is not practised 

Txirtttton It is most convement to transfer the contents of each tube m 
turn to a small comcal flask adding broroo-thymol blue as an mtcmal mdicator 
The contents of the flask are titrated against standard 0 1 n NaOH deUvexed 
from a self fiUmg burette Visual comparison gives accurate readings ■without 
the use of a comparator box. In the case of very dark or coloured extracts the 
end pomt may be doubtful and bromo-thymol blue is then used as an external 
mdicator 

Computation of rctuZis The standard mcotimc acid curve is plotted and 
■V alues from extracts are compared to ensure that they he on the linear part of 
the dose response curve between 0 1 and 0 ^Bpg nicotinic acid per tube If 
these conditions are fulfilled the calculation is carried out An average is 
taken from all the tubes at each levd Usmg the response of 8 ml* of test 
extract as base, ■we compare the mercosed acid production due to a further 
2 ml of extract with that due to 0 08 and 0-00 jig of mcotmic aad added to 
8 ml* of test extract, respectively 
Let a*xinL of acid produced with 8 mb extract, 
of aad produced with 5 ml extract, 
cntol of aad produced with 8 ml extract +0 08 /tg mcotimc acid 
demL of aad produced with 8 ml extract+0 06/ig nleotimc aad, 
then 

Ntcoiinie add, ftg Ig or ml o/ text moferia/^O 36 x dilution factor 

x[0*03 {b~a)J{c — a) + 0 00 (fc — a)/(d — o)] 

EXPERIMENTAL 
The extraction procedure 

Snell d. Wnght (1941 ) and J&ehl & Strong (1944) have sboim that mcotimc acid 
compounds which are biologically active are also stimulatory for L arabtnosus 
One exception is the precursor of mcotimc acid in cereals which per te has 
a neghgible effect on this micro-organism (Snell & Wright, 1941 Krehl 
Huerga, Elvehjem A, Hart, 1940) 

Kodicek (1040) noted that with cereals and cereal products the results 
obtamed chcmicaDy varied according to the method of extraction and that 
alkalme treatment gave far greater values than ■water extraction or digestion 
■with weak acids* This ■was attributed to the presence of a chromogen the 
nature of which "was uncertam The flndmgs -were confirmed by Waisman A 
Elveh]em (1941) Oser Melruck A Siegel (1041) Snell & Wnght (1041) and 
Andrew* Boyd A Gortner (1042) Subsequently Rrehl ei cl (1046) showed 
that this precursor’ possessed biological activity for dog* Treatment with 
N NaOH or k H 1SO4 converted it mto free mcotmic add which could be 
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assayed microbiologically Attempts to isolate this compound, hmvei er, w ore 
tmsuccessful The precursor -was found m cereal products, especially in bran, 
and m potatoes 

Different chemical treatments -were studied to find one which would extract 
all the nicotmic acid present m the matenals and convert ‘precursor’ into 
microbiologically active substances The five following methods v ere chosen ns 
representative of possible chemical extraction procedures and were applied to 
^ anous foodstuffs 

(o) N-NaOH extraction, water-bath 45 ram (see above) 

{h) x-HnSOj extraction, 15 lb pressure, 1 hr (see above) 

(c) 0 05N-NaOH extraction, 15 lb pressure, 15 mm 

Weigh out a sample of foodstuff (containmg 30-40 //g nicotmic acid), add 
40 ml of 0 05 x-NaOH, autoclave at 15 lb pressure for 15 mm Cool and make 
up to 100 ml Proceed as for extraction [a) 

{d) 0 1 x-HCI extraction, water-bath for 40 mm 

Heat the weighed matenal ivith 50 ml of 0 1 x-HCl on water-bath at 100° 
for 20 mm Centnfuge and decant supernatant liquid Resuspend residues m 
30 ml 0 1 x-HCI and extract for 20 mm on water-bath Centrifuge and 
decant supernatant Wash any remammg residues inth 20 ml OIn-HCI, 
rcccntnfuge and add naslungs to combined supernatants, adjust to 100 ml 
or note volume Proceed as for extraction (o) 

(e) 2X-HCI digestion of 0 In-HCI extract, v\atcr-bath for 2 hr 
Take 50 ml of extract (d) m an evaporating dish and add 14 ml of cone 
nCI(3G%spgr 1 18) and heat for 2 lir on boiling vnter-bath Cool and adjust 
the V olume to 50 ml Proceed as for extraction (a) 


Results 

Table 1 shows the microbiological results obtained ivuth v^arious extraction 
procedures The alkaline and extractions gave the highest values, 

especially vnth vhcat grist, bran and dehjdratcd potato This is m agreement 
V ilh the findings of prevnous v orkers and is due to the presence of the precursor 
of nicotinic acid Digestion vnth 2x-HCI for 2 hr did not yield as high values 
ns the former extractions, but the results were higher than with a v\eak IICl 
extraction The potato results arc an exception, there the strong and veak 
HCl extraction gav e identical values, a third of the total nicotmic acid content 
Wheat flours of lov er extraction gave v nines of the same order irrespective of 
the method of extraction Foodstuffs i\ith a Ion nicotinic acid content shoved 
a greater variation between indmdual extraction procedures 

Improved rcMilts were obtained with egg-powder when this material was 
w I'-hed twice with equal volumes of light petroleum The 2\-IICl cvtraclion 
give a rather low value for fresh and dried milk, 0 7 and 7 0/ig respectively, 
blit from the few repeats we have done we were unable to decide whether this 
IS a ^ig-uficant difTirence due to the extraction procedure Fresh and dried 
milk not cxt’-actod but mcrelv dilutfd with distilled water, gave values of 
1 0 a"d 7 5/*g of nieotimc acid rcspectivelv. 
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The chemical results so far as they were determined, -were m good agreement 
with microbiological values The extraction procedures using n NaOH and 
N H^ 04 , givmg the highest results and agreemg with chemical values, were 
adopted for the final method. * 

Table 1 Boeiefiologicalvnnd diermcal tcsmUs from varioiis extraction 
procedttres 


Nlootliilo add (/tg /g ) tulng dUTerent extraeikn prtxjeduras 



0-05 K NaOH 

kNbOH 

N H,SOi 

0 1 K Ha 

2 N Ha 

Material 

Bact. 

Cheiru 

Boct. 

Chem. Boot. 

Cbem. Bact. 

Chem. Bact, 

Chem. 

■Wheat jrriit 

601 

52 8 

717 

59 6 

798 

74 9 

55-0 

— 

48*0 

535 

Wheat flemr 20'7 

85% extraction 

— 

SS-O 

— 

18 8 

34*5 

19*2 

— 

20*6 

18 6 

Wheat flour 
self raistag 

31*0 

— 

23-7 

— 

20*9 

232 

20*2 

— 

254 

25*0 

Wheat germ 

04*4 

— 

75 5 

— 

08-4 

65 6 

52-0 

— 

606 

61*0 

Wheat bran 
from 85% ex 
traction floor 

250 

280 

270 


250 

218 

112 


100 

188 

Potato iproy 
dried 

103 

— 

07-7 

— 

103 

90*0 

25*2 

35 8 

80*0 

29-7 

Potato itarch 

— 

— 

— 

— 

<05 

<1 2 

— 

— 

— 

— 

MOL, oenra, 
fresh 

1 1 

— 

1 2 

— 

— 

— 

1 0 

0*0 

0*7 

0*7 

Mflk, oowa, 
dii^ 

65 

— 

88 

— 

— 

— 

e 6 

9*4 

7-0 

0*8 

Egg ipruy 
dried 

2-6 

— 

48 


48 

— 

s-s 

— 

81 


Egg ipray 
dried washed 
with light po- 
trolenm 





82 

8*9 



3-0 

87 


Method* of eomptaation compared 


The response m acid production of L arabinosus to additions of mcotmic 
acid IS amenable to different methods of calculation The ongmal method 
proposed by SneH & Strong (1989) and adopted by early workers in thfa field 
was to plot a standard reference curve from graded doses of the vi tamin and 
to read off and calculate from this the content of the test materials 

This method has been cnticixed by Wood (1940) and both he and Finney 
recently have devoted much attention to the design and statistical analysis of 
microbiological assays and computation of results (Wood & Fnmey, 1946) 
Wood proposed two methods of computation, as an improvement of the 
direct reading method* The premises on which these methods are based, ore 
*(a) that the response supposed to be produced by the known amounts of 
factor X is actually due to the factor itself and (6) that the response is also 
due solely to the presence m it of factor X without augmentation diminution 
or modification by any other substance also present. If In any particular 
assay this hypothesis is not valid then the result* obtamed will clearly be 
maccurate* (Wood, 1946) We agree with Wood that the bio-as*ayist who is 
determining the amount of some vitamm contained m a foodstuff can never be 

Cl 
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sure, merely because all previous assays have been satisfactor}’, that the 
present one -mil be, and vre considered that assumption {h) uns not ncccssnrilv 
valid for all tests materials 

We have therefore applied another method of calculation ivhich maj to 
a certain evtent correct for any stimulation or inhibition, i e the internal 
standard method The microbiological assays vere performed m such a vay 

Table 2 Effect of extracts on the response to additions of nicotinic acid 

Standard reference Extracts (3 ml ) 

curve {01/(g nicotmic , * , 

acid) Cocoa Maize 


Additions 

Acid (ml ) 

Increase 

Acid (ml ) 

Increase 

Acid (ml ) 

Increase 

— 

30 

— 

3 5 

— 

42 

— 

Isicotinic acid 
(0 03 ;/g ) 

48 

-f-00 

44 

-fOO 

5 4 

-H2 

Nicotinic acid 

(0 00 /ig ) 

5 0 

+ 1 7 

52 

+ 1 7 

0 0 

-1-2 4 


as to allow the calculation by four methods, namely, direct reading (Snell & 
Strong, 1939), slope ratio (Wood, 1945), common zero five-point assay (Wood, 
1946), and the internal standard method In this last method the calculation 
IS based on acid production of test extracts and nicotinic acid added to the 
test extract The standard reference curve is used to ensure that the levels 
tested arc "mthin the steep linear portion of the dose-response cur\’’e, thus 
establishing the fact of maintained acid production and the straight-lmc 
relationship 

The results were computed for thirteen samples by the \ anous methods and 
compared with those of chemical estimation The difTcrcnce betw^een the 
results calculated by the various methods was not statistically significant 
Nc\ crtheless, wc finally adopted the ‘mtemal standard’ method, because m 
each test any unspecific stimulatory^ or mlubiting substances present might be 
expected to affect to the same degree the response of the bacteria both to any 
nicotinic acid present onginally m the extract and to the nicotinic acid added 
to the extract Table 2 shou s the results of an assay of extracts of cocoa and 
maize In the standard reference curve additions of 0 03 and 0 00 /ig nicotinic 
acid abo^c the 0 1 /ig Icsel ga\c a response of 0 9 and 1 7 ml of acid, 
rcspectncK The same additions to 3 ml of cocoa extract gave the same 
response, but to 3 ml of maize extract the response found vas 1 2 and 2 4 ml 
This suggests that calculations from the standard reference curve may be 
misleading and that our method docs m fact alloiv, at least to some degree, 
for unspecific effects by substances m the extracts 

Conpnrtson of microbiological and chemical estimates, 
repToduribiliUj of rentlls 

In addition to the comparisons listed m Table 1, the mf thod finally adopted 
V IS U’-tsl fo- assi\>, on a anous other maten ds and tlie a allies obtained com- 
parsi avilli eh' mie-i! results (Table 3) Tho agreement avas good The repro 
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duQjbility of results was tested by repeated assays on yeast and bran (Table 4) 
The coefficient of vanabon was about 9 % Tlie coefficient of vanabon for 
pure nicobnic acid was between 12 and 19 % (Kodicek & Pejiper, 1948) 


Table 8 Further compaHsont of mierobiological and chemcal retttUs 


Kkotiiiio add (/tg /g ) 


Materia) 

Microbiological 

method 

Chemical method 
(Wang A. Kodicek, 1043) 

Kipper (detydrated) 

142-0 \ 

188-0 

Liquid liver extract 

123-0 

120-0 

Herring (dehydrated) 

81-0 

00 8 

ftlaH extract, liquid 

74 8 

08-0 

■\Vhale meat 

40 8 

56-2 

Muscle (beef) 

80 7 

86-7 

Pea me^ 

25-6 

283 

Semolina 

171 

16 2 

Maixe meal 

18-0 

16 5 

Cocoa 

17 2 

161 

Oats (ground) 

6-7 

6-2 

Carrot (fresh) 

63 

48 

TomBt<M (fresh) 

61 

0-9 

PluiM (fresh) 

4-1 

4-2 

lUspbcrries (fresh) 

8-7 

2-4 

Blkdcberriei 

17 

1 8 

Urine (tut) 

0-© 

1 8 


Table i Reprodunbiliiy of mtcrohological rtruiit 

Coeffldfut of 

Kfcotinlo add Standard variatkm 

(ms /g ) derlation (%) 

&48 8 ±30-9 e-O 

*50-3 ±23-7 0 5 

DISCTJSSION 

The extraction of foodstuffs with either n NaOH or n was found to be 

the most suitable. Both extracbon procedures gave similar values even m 
foodstuffs known to contam the precursor of nicobmc acid These findmgs 
could be confirmed by chemical assay*. It is mteres tm g that 2 n HQ digests of 
bran gave a mcotlmc acid value only 60 % of that obtamed m NaOH and m 
HjSOi extracts The 2 n HCl extracbon of potato powder yielded an even lower 
proporbon of the total mcotinic acid content and extraction with 0 1 n HQ 
gave low values for both bran and potato powder "With jiotato the values were 
of the same order as those of the 2 n HQ extraction, suggesting that 2 n 
treatment did not convert the precursor* as it did In bran We have no 
nation for thu finding possibly the precursor m ^ 

in bran If the biological activity possessed by the 
then the potato takes its place as an important c- 
on the assumption of a dafly consumption of 200 
provide nearly one half of a man’s daily 


No, of 
sampk* 

\east 6 

Bran 6 
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The microbiological results were in good agreement with chemical results 
The vanation between rephcates, however, was high (9% coefficient of 
variation), and we feel that there is scope for further improvements m the 
microbiological method The results by various computation methods were not 
significantly different The ‘five-pomt zero’ assay and the ‘mtemal standard’ 
method are both amenable to statistical analysis and wiU detect non-vahd 
assays We prefer to use the mternal standard method because it may reduce 
the error due to the effect of substances other than mcotmic acid present in 
the extract, and because of its simplicity of calculation The computation by 
the mternal standard method is only vahd if the addition of mcotmic acid to 
extracts does not increase the acid production above the workable hnear 
range, and this we can check by the use of the -standard reference curve 
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The Mechanical Destruction of Bacteria 

By H K. KING and HAZEL ALEXANDER 
The BtieUriology Department^ Dnivcrstty of EdlTtburgh 

SUilMARy A number of different organisms were subjected to violent shaking with 
minute round glass peirticlcs. Vegetative bacteria spores and add fast species were 
killed by this treatraeirt, though at varying rates, 

Curran A- Evans (IQ'iS) described the destruction of bacterial spores by violent 
agitation with small inert partldes. Several workers (e g Gale, 1947) have 
applied this technique to the extraction of enzymes from vegetative cells 
Unlike other mechamcal methods (e.g sonic disintegration or the use of 
bacterial mills) it requires no elaborate eqiupment, and the nsk of damage to 
proteins or other labile cell constituents is less than with methods mvolvmg 
autolysia or the use of chemical agents Curran A Evans (1942) obtamed large 
decreases m the viable count of spore suspensions by this method and claimed 
(though without giving expenmentaj! data) that suspensions of Baderium 
coU may be completely stenllzed We have investigated a wider range of both 
sponng and non spormg bacteria. In confirmation of Curran & Evans’s findings 
we obtamed a rapid exponential fall in the number of viable organisms but 
a small proportion of the cells appeared to be much more resistant to this 
treatment than the others present m the same bacterial suspension. 

METHODS 

Baderial wpenstont The organisms tested were mainly from our laboratory 
stock- They were grown for 24 hr (48 hr for AfycobacieT%wn emegmatu) at 87® 
on the surface of nutrient agar, with addition of O'! % glucose and 10 % horse 
blood for the pneumococcus washed off with physiological saline, washed 
twice with salme, and resuspended m the fluid (usually saline) m which they were 
to be shaken- The cultures of Bacillus wWiIm B tneienlcncus and B cnihrom 
were allowed to stand at room temperature for a few days before preparmg the 
suspenslonB which consequently consisted mainly if not entirely of spores 
Suspensions of yeast were prepared from commercial brewers’ yeast by 
repeated washmg with salme. 

All suspensions were adjusted to an opacity equal to Brown’s tube no 8, 
which corresponds to about 10* OTganisms/ml in most cases Exact adjustment 
of the mitial count was not practicable smee, for reasons stated later, the 
‘initial was taken after a short period of shaking during which a variable 
degree of killing took place. All precautions to avoid extraneous contamination 
were taken throughout, 

Pttjixdet Curran & Evans (1942) employed several types of particles and 
found small smooth glass bead* to be the most suitable Wc obtamed these 
from Messrs Chance Bros Ltd- Smethwick, England under the trade 
nomc ‘ballotml Three grades were supplied whose mean diameters, Tneasured 
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under the microscope, were grade 6, 0 80 mm , grade 9, 0 26 mm , grade 12, 
0 13 mm Grade 9 was used unless otherwise stated, grade 12 may be more 
efficient, but supplies were limited at the time 

Shalcing machine An ordinary laboratory shaker was used, accommodatmg 
two 4 oz medicine type flat bottles laid lengthwise on their narrow sides 
Speed was 800-350 strokes/mm with an amplitude of 2|^ m There was no 
means of ensuring that speed remained constant, and the electric mam supply 
was subject to serious fluctuations The agreement between replicates mdicated, 
however, that variations in the speed of the shaker did not materially affect 
our results 

Procedure The beads were washed with chromic-sulphunc mixture, rinsed 
thorouglily 'with water followed by acetone, dried and sterilized in the hot-au 
oven before each expenment 40 ml of bacterial suspension, prepared as 
described above, were placed m one sterile 4 oz bottle with 50 g of beads The 
bottle was closed with a rubbler-lmed screw cap and placed m the shaker 
After 15-20 mm shakmg a 1 ml sample was aseptically ■withdrawn and a 
viable count made This was taken as the ‘initial’ count A count taken before 
shakmg was begun was liable to give misleading results as the organisms, in 
some cases, adhered together in clumps Further counts were made at mtervals 
of 1-2 hr up to 10 hr , and a final count, m some experiments, after 24 hr 
shakmg The experiments were performed at room temperature, usually about 
10° The prolonged shakmg did not produce any appreciable rise m temperature 
but when speed was increased to 600 strokes/min a rise of a few degrees was 
observed 

Viable counts 1 ml of the suspension was withdrawn and serial tenfold 
dilutions m saline prepared 1 ml of each of four smtable dilutions were 
placed m Petri dishes and 15 ml melted nutrient agar added, for the entero- 
coccus and the pneumococcus this medium was enriched with 10 % of serum 
Colonies were counted after incubation at 37° for 48 hr (4 days for Myco 
smegmatis) and the number of viable organisms/ml estimated When spore 
counts were required, the vegetative forms were killed by heating for 15 min 
at 70° With yeast, the eounts were made by stroking one loopful (0 001 ml ) 
on the surface of a Petri dish contammg Sabouraud’s medium and incubatmg 
at 20° for 3 days 


RESULTS 

Method of expressing results Since the killing of micro-organisms by this 
method (m common with most sterilization processes) followed an exponential 
law, results were expressed by plotting the logarithm of the fraction of surviving 
organisms against time The fraction of organisms survi'vmg was plotted rather 
than the viable count itself, smce the unavoidable variations m the mitial count 
made comparison of graphs of nable counts more difficult The actual initial 
coimt is stated on each graph 

The logarithmic plot assumed a slope which pro-vuded an index of the rate 
at which killing took place This was expressed in terms of the ‘decimal 
reduction time’ (n n T ), i e , the time required to effect a tenfold reduction in 
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the viable count. The process did not however proceed to completion at a 
uniform rate when a ccrtam proportion of the cells had been killed the slope of 
the curve was diminished (e g Fig 1 , curve C) indicating that a small fraction of 
t-he cdls were resistant to this treatment or at least exhibited a much longer 
D B,T thoii the rcpiamder This phenomenon discussed below» necessitated 
expression of the results m terms of both the n e.t and the proportion of 
resistant* organisms It was dlEQcult to detennme more than the order of 
magnitude of the latter, smee exact evahiation was prevented by the pre- 
liminary period of shaking required before the ‘initial* count. During this 
period destruction of the normal cells will proceed more rapidly than that 
of the ‘resistant organisms 


Couru of the process 

Fig 1 C, illustrates a typical experiment with Badenum eoli Up to 10 hr 
kfllmg proceeded m accordance with the exponential law, the d b.t being 
2 1 hr , with the viable count decreased to c 10“* of its ongmal value. 
Sterilization ceased at this stage, and little further f^ in the viable count took 
place. These figures were confirmed m several repheate experiments performed 
on different occasions The same n b-T and the same proporbon of survivors 
were obtamed with suspensions of only 1/10 the ongmal density No ap* 
preciable fall m the viable count was observed when the suspension was left m 
contact with the beads but not shaken (Fig 1 curve A) and only a alight fall 
when shakmg was earned out in the absence of the beads (Fig 1, curve B) 

The apparently high resistance of a small number of cells towards a process 
lethal to majonty was an unexpected finding It was necesary to establish 
that this phenomenon was not due to some factor related to our technique 
(such as the protection of a small number of cells beneath the rubber Unmg 
of the stopper which closed the vessel m which shaking took place) though the 
constancy of the proportionof survivors for a given species made this explanation 
seem improbable The phenomenon was Investigated by shaking a suspension of 
Staphylococcus aufcus for 12 hr this decreased the viable count from 10*/ml 
to a constant value of 1600/mL The suspension was then transferred ascptically 
to another bottle containing fresh sterile beads and shaking contmued for 
a further 9 hr No significant fall m the viable count took place At the same 
time a fresh (unshaken) suspension containing 2000 ccUs/mL was shaken with 
beads in the usual way In this control suspension the normal killing action 
was observed, except that the d,r,t was considerably longer than that obtamed 
with the much denser suspensions of Staph, aureus normally used (Table 1) 
The possibihty that the resistant cells owed their survival to protection by 
cell dehns was also considered, though this seemed unlikely as the proportion 
of resistant cells was withm wide limits independent of the Imtial density, and 
protection by dehns would become apparent as soon as a substantiEil pro 
portion of the cells had been dismtegrated The n jut,, however was found to 
remam constant imtil all hut a minute fraction were destroyed. Moreover 
when a suspension of Staph aureus was shaken for 18 hr (i e. until the viable 
count became constant) and then remoculated with a few drops of a dense 
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suspension of fi^h cells, the latter were killed at the normal rate when shaking 
was contmued It also seemed unlikely that cell multiplication could play any 



Fig I Effect of shaking with and without beads Bact coh control, standing with beads 
but not shaken, B, shaken without beads, C, shaken with beads Initial count 10* ' 
\nable units/ml in each case 

Table 1 Relative resistance to mechanical destruction of normal 
and ‘resi^ant' cells 


Viable counts (organisms/ml ) 


Time (hr ) 

Staph aureus 
pre\nously shaken 
for 12 hr 

Untreated 

control 

cells 

0 

1600 

2000 

3 

1100 

500 

6 

1300 

190 

9 

1200 

150 


part The generation tune of a typical organism (e g Bact coh) at the temperature 
of our experiments, even m an optimal medium, would be at least 2 hr , 
correspondmg to a decimal mcrease tune of 7 hr When shakmg was performed 
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in broth, however the ‘resistant* cellsdidmultiplymorerapidly thantheywere 
destroyed, and once the normal, susceptible, cells were killed, the viable count 
increa^ slightly during the penod 10-Q4 hr (Fig 2, curve A) 



Fig S. Botroction of Stapk. aurais in vorloiu rospending Buldi. A broth. Initial Coont 
10*-*/ral ; B water initial count C saline. Initial count lO’/tnL 

Resistance did not appear to be a genetic property A suspension of Siapk, 
aureus was shaken for 16 hr and then subcultured on nutnent agar As soon 
as growth was sufficient the organisms were harvested and agam shaken for 
16 hr This was repeated twice without producing any change in either the 
D B,T or the proportion of resistant cells 

Factors effecting the JciU\ng of orgontms 
Size of beads We found the two smoUcr sues (diam. 0 26 and 018 mm 
respectively) to be about equally effective (d ii,t with Staph aureus 1 4 hr ) 
and considerably more effective than the large sise (diam 0 80 mnn) which 
gave a d iut of 2 8 hr under the same conditions The sire of even the smallest 
beads Is stall large compared with that of the bacteria. 



320 H. K. King and Hazel Alexander 

Optimal proportion of heads to suspension This was found to be approximately 
equal weights of eaeh 

Suspending fluids Three were investigated, viz water, salmfe and nutrient 
broth (Fig 2) Water and saline gave approximately the same d k t but the 
resistant organisms were slowly destroyed in salme wlulst able to survive 
indefinitely m water In broth considerable frothmg took place The D r t was 


Table 2 Decimal reduction time (d n t ) 'and proportion of resistant 
cells in various organisms shaken with minute glass heads 

Proportion of resistant 


Organism 

D n T (hr ) 

cells 

Staph aureus 

1 4 

1 m 1,000,000 

Enterococcus 

22 

1 m 1,000 

Pneumococcus 

245 

Not estimated 

Corynehactenum xerosis 

1 6 

Not estimated 

B subttlts 

26 

1 in 100,000 

B mesenlencus 

41 

1 m 100 

B anthracis 

27 

1 in 2,000 

Myco smegmalts 

32 

Not estimated 

Bact colt 

21 

1 in 100,000 

Shtgella sonnet 

216 

1 in 100,000 

Salm paratyphi B 

20 

1 in 100,000 

Brewers’ yeast 

7 

Not cstunated 


increased and the resistant cells, in this nutrient medium, were able to multiply 
faster than they were destroyed Fig 2 is based on experiments performed 
some time after the bulk of this work a shaker operating at 450-500 strokes/mm 
was m use, and a decreased d r t was obtamed 


Investigation of various organisms 

The relative susceptibility of various organisms is illustrated by Table 2 and 
Fig 4 Ylith. Staph oarms (Oxford ‘H’ strain) four replicate experiments gave 
D R T of 1 4, 1 4, 1 86, 1 45 hr respectively (two of these experiments are 
illustrated by Fig 8, curves A and B) Curve C, Fig 8, represents an experi- 
ment with the shaker operated at 450-500 strokes/mm The proportion of 
resistant cells was found to be the same, but the d R t was reduced to 0 46 hr 
and the ‘resistant’ cells themselves were slowly destroyed Gram staining of 
Staph aureus after several hours’ sliakmg showed a few Gram-positive cells, 
the debris bemg Gram-negative Staimng by the Indian ink capsule method 
revealed the presence of ‘ ghosts ’ Myco smegmatis, with a d R t of 8 2 lir , 
was the most resistant bacterium studied, the 18 lir period of shaking was not 
sufficient m this case to determine whether any cells were resistant The 
dismtegrated organisms were not acid-fast After 18 lir no intact bacilli could 
be seen in a stained film, though the viable count w'as still 10,000/ml 

Yeast proved comparatively resistant to this treatment (n R t approx. 
9 hr ) The lower initial count in this experiment (Fig 4, curve A) was due to 
the standardization of the suspension to the same opacity as the bacterial 
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suspensions used. It may be eniphnslzed that the techmquc used -was that 
foimd to be most effective for the destruction of baetena, possibly a mote 
rapid destruction of yeast might be obtamed under different conditions. 



Fig 8, Slaph, ffurcua A and B repBonle eiperimenU. Initial count* 10* • and 10*/ml 
respectively C later experiment with more effldent thalring Inlrial connt 10* *fmL 

9 

Biological fadon ddermtmng rentianct 
The results described above indicate both that considerable diirerciices may 
exist between different species of luicro-organisms and also that a few members 
of an apparently homogeneous culture may differ sharply from the rest m 
their resistance towards mechanical dismt^ration. In the experiments to be 
described we attempted to correlate these findings with differences m the other 
biological characteristics of the species and mdividuals concerned* 

Resisianee of spores to sUumng This bke resistance to shaking might be 
regarded as a property of the cell wall When B ttubtdtt is grown on a rich 
maedium^ such os blood agar the spores are readily stamed by the Zichl 
Ncciscn technique on a relatively poor raediuim 0 06 % peptone-agar, the 
spores are larger and less readily stained Suspensions prepared from tpOTcs 
grown on these two media did not differ in d e,t 
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Beststance of vegetative cells to heat A suspension of Staph aureus was shaken 
for 15 hr , the viable count becoming constant at 1000-2000/nil A control was 
prepared by sterilizing a similar suspension (60 mm at 60°) and addmg fresh 
unshaken organisms to give a count of 1000-2000/ml Both suspensions were 
then placed m a bath at 60° and a loopful from each stroke-inoculated on 



Fig 4 Susceptibility of different species to destruction by shaking with minute glass beads 
Brewers’ yeast, initial count 10*/ml ,B,B stihhfts, initial count 10“/nil ,C,B mesenlerictis, 
initial count 10*/inl , D, Enterococcus, initial count lOVml , E, Pneumococcus, initial 
count lO'/ml , F, B anthracis, initial count 10' ’/ml , Q, Corynebacienwn aerosis, 
mitial count 10’ ’/ml , H, Myco smegmalis, mitial count 10* '/ml , J, Shigella sonnn, 
imtial count lO’/ml , K, Salm paratyphi B, mitial count 10' ‘/nd 

nutrient agar at 5 mm intervals Both suspensions became sterile after 
35-40 mm There was therefore no correlation between heat- and mechanical- 
resistance m this organism 

Pentctlhn resistance Cells of Staph aureus and Shigella sonnet which were 
resistant to shaking were normal m then sensitivity to pemcillm 

Age of culture A 4 hr culture of Staph aureus gave aDBT of28hr, 
compared with 1 4 hr for the usual 16-20 hr cultures Young cultures are 
generally regarded as being more susceptible to injurious influences than 
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noatupc cultures, but young cells are also known to be abnormally large and we 
foimd large organisms to be more resistant to our treatment— cf yeast and the 
large-capsule strains of Aerobaeter spp described below 

CaptiiU* Through the courtesy of Dr J P Duguid of this Department, we 
exammed three strains of Aerobader aerogenes Aerobacter I, a strain with 
a capsule of about 1 p, radius Aerobacter lA, the same organism grown on 
a medium (agar containing 1 % glycerol and 0 1 % peptone) on which it 
produced a capsule 5-10/i radius, Aerobacter H, with a small capsule, 0 25/i 
radius The size of the capsules was measured m Indian ink preparations There 
appeared to be a marked correlation betweep capsule sue and resistance The 

Table 8 Proportion of rmocth colonic# among renstarit and normal orgamtms 
SMgeWx tonnd Solm. parxtijfpH B 

KoTin«l 10 emooth la 405 (4*0 %) 8 imooth In 888 (2*4 %) 

Hesbtant 41 smooth in 272 (16%) 81 smooth In 800 (10-8 %) 

D wa827hr for Aerobacter H, 4 8 hr for Aerobacter I, while AcrohacterlA 
was completely resistant. The suspension of the latter was highly viscous 
[i] 11 2 relative to water at 87^) and it was possible that the viscous material 
protected the orgamsm. For purposes of companson a suspension of Staph 
aureut was shaken m a viscous medium (hog gastnc mucin, i; 18 8 rdative to 
water at 87®) The D.n.T was 2 6 hr , compared with 1 4 hr for the control 
shaken m salme. The viscosity of the solution could thus play a part in 
protecting the organisms, but it cannot account for the resistance of the highly 
capsulated Aerobader spp 

The capsulated pneumococcus gave a d a,T 2 45 hr compared with 1 4 hr 
for the non-capsulated Staph, aureus The enterococcus, also non-capsulated, 
gave aDBT of22hr however Thu organism is known to be abnormally 
resistant to other destructive agents c g heat. But even if the protective 
action of a capsule be established, we have no evidence whether this effect is 
specific or la due only to the larger size of the organism Nor have we eatahhahed 
whether the resutance of large organisms is real or due to our application to them 
of a technique developed with normal sued non-capsulated bactena {BacL coli 
Staph aureus) The highly resistant survivorB remaining after shaking normally 
susceptible organums exhibit no abnormality m either site or capsulation. 

Colony form. In ShtgeUa sonnex and in Salm paraiyphx B the resistant 
organisms gaveahighcrproportion of smooth colonies than thomitial suspensions 
(Table 8) But though the differences were stafastically significant (t > 4 m both 
cases), It u difficult to regard the smooth organisms as playing any part in the 
phenomenon of resistance A comparison of the relative resistance of suspensions 
of rough and smooth organisms failed to reveal any significant differences, 

DISCUSStON 

Dur results confirm the conclusion of Curran A Evans (1942) that agitation 
with small inert particles may exert d powerful bactcncidal action. But 
sterility u not readily obtained by this method a small but definite proportion 
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of the organisms shows resistance of an order different from that of the 
remamder of the culture These ‘resistant’ cells did not differ from the normal 
cells m any of the other charaeteristics which we investigated Curran & Evans 
(1942), whose investigations were confined almost entirely to spores, assessed 
the efiieiency of mechanical destruction by the number of surviving orgamsms 
after 5 hr shaking This, however, is a function of several factors the mitial 
rate of killing, the proportion of resistant cells, and the rate at which the latter 
are kdled As the number of survivors after 5 hr is the only figure cited m the 
majonty of their experiments, companson of their results with ours is not 
possible m most cases 

Our investigations with different species suggest that capsules may evert 
a protective influence, but it is not certam whether this is due solely to the 
increased size of the capsulated orgamsm Nor do we know whether the 
conditions of our expenments, developed with non-capsulated bactena, are 
the most smtable when dealing with larger organisms No correlation was 
found between resistance to mechamcal destruction and the other biological 
characteristics of the organisms mvestigated Whilst within one group of three 
closely related orgamsms — the Gram-negative bacilh — identical results were 
obtained, within another group of three biologically related organisms — the 
aerobic sponng bacilh — there was wide variation in resistance 

We are much mdebted to Prof T J IMackie for his mterest m this work which was 
performed durmg the tenure by one of us (H K K ) of the Lewis Cameron Teaching 
Fellowship of Edmburgh Umversity 
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Nuclear changes in Bacillus atithrads and their Relation 
to Variants 

By T H FLEWETT 

The Jnsiiitde of Pathologyt Qtteen t Univertxty, Bdfati 

SUMMARY The nuclear chongea leading to spore formation in BaeiUxiS anihracis 
wet© investigated In 85 strains. Fusion of four chroroatlnlc bodies into one mass and 
Its subsequent break up Into four bodies vras observed. One of these became 
Inoorporate din the spore the other three disintegrated. Some cells showed no fusion 
before spore formation In these one cbromatlnlo body was incorporated in the spore 
and the other three disintegrated. The percentage of cells in which fusion occurred 
varied with the strain Rough colony stralni) showing a high incidence of fusion 
tended readily to throw smooth colony variants. Strains showing a low Incidence 
of fusion were stable In this respect. The incidence of variants of other types bore no 
relation to the incidence of nudear fusion In the strain 

Nuclear structures in the spore-forming aerobio bacilli were desenbed by 
Nakamshi (IBOl) Radian (1988), Stille (1987) Piekarskl (1988) and m greater 
detail by Robinow (1942), who studied them particulariy m spore germination 
and m early |oganthiiilc phase of growth. Radian described the fusion of 
the nuclear elements into one mass and its subsequent breaking up into four 
parts before spore formation be recognited that one body entered the spore 
while the remaining three dismt^frated. Khencbergcr Nobel (1945) observed 
fusion of chromatmic structures both in aerobic and anaerobic spore-forming 
organisms and also in a non-spore-fonmng organism, SphaeroUlu* naUtns In 
later papers (1947a, b) she described the changes occurring m myxoboctena 
and octinomyces and showed that fusion of chromatmic structures occurred 
also among them. It was suggested both by Radian and Khencberger Nobel 
that this fusion might represent an autogara^c mechanism. 

MATBRIAI^ AND MKTHOD3 
The following 85 strains of BaciUut anthracu were examined. 

A. National Collection of Type Cultures nos 109 (Paddington VI) 1828 
1712 (Pasteur’s Second Vaceme) 1607 2020 (Hankow Hide), 4991 6180 
6249 7200 

R Strains isolated from a recent shipment of sheep hides, many of which 
were contaminated, causing a human infection strains A, Cl CC2, H2 H8 
H6 H7 H8, FI H3F2, mouse F mouse 5 

C Strains isolated from the lesions of human and bovine infections HiTln 
borough, Newtownards, Camckfergus R.V.H., Tmsdalc, McLean 1 A, McLean 
2, Lindsay Davis 

D Strains maintained m this laboratory A/8toct,S/stock,Dean 2160 2161 

The media used were Lerflco broth, pH 7 6, and Lemco agar (2% agar) 
pH 7 0 
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The staiiung methods descnbed by Robmow (1944) were used to demonstrate 
the nuclear structures For the study of spore gerrmnation and of yoimg 
cultures up to 4 hr old, the agar was cut mto strips and mounted on cover- 
shps, with the organisms outwards, and fixed m the vapour of 2% osrmc 
tetroxide for 3-5 mm A second cover-slip was then placed on the agar surface, 
and the two cover-shps with the agar between them immersed m 80 % ethanol 
for 2-8 hr The second cover-shp, bearmg most of the organisms upon it was 
then removed and placed for a few mmutes m Schaudinn’s fixative, then m 
n-HCI at 56° for 7 mm , washed, and stained with Giemsa’s stam (0 15-2 ml 
phosphate bufiPer, pH 6 2) for 10-15 mm For the details of this techmque, 
I am mdebted to Dr C F Robinow (personal commumcation) 

For older cultures, a portion of growth was emulsified in a small drop of 
water, allowed to dry, and immediately fixed m osmic tetroxide vapour, 
hydrolyzed and stained as above AU preparations were made on cover-shps 
It was found that a more transparent stam was produced by diluting the 
Giemsa stam with a mixture of 2 vol horse serum and 1 vol m/200 phosphate 
buffer, pH 6 2 

Fat mclusions were stamed by the method of Burdon, Stokes & Kimbrough 
(1942) 

All preparations were exammed and photographed mounted m water or m 
the stammg solution 

Optical equipment The optical eqmpment consisted of a 2 mm Leitz 
apochromatic objective, N A 1 82, with compensatmg eyepieces x 12 for 
photography and x 20 for visual work, and a Watson ‘Holoscopic’ oil immer- 
sion condenser, N A 1 3 Critical lUummation was used throughout A green 
filter was used both for photography and for visual work It was impossible 
to resolve some of the structures without oil immersion of the condenser 


RESULTS 

The changes found in spore germmation confirm the results of Robmow (1942) 
The spores of B anthracis, however, take 60-75 mm to germinate, a much 
longer time than that taken by the spores of his stram of B mycoides 

In the earlier stage of loganthmic growth the rods contam dumb-bell-shaped 
bodies which divide at right angles to the long axis of the cell (PI 1, figs 1, 2, 
Fig lA) \Mien they separate they leave between them a smgle thread of 
chromatin which later ruptures In the rough colony variants the chromatimc 
bodies are widely separated In the smooth colony variants they are closer 
together, and the intercellular septa occur at an earlier stage than in the 
rough phase 

In the later logarithmic growth stage, after about 5-5 J hr growth, ‘ vacuoles ’ 
appear in between the dividmg chromatimc bodies, and now, instead of a 
single chromatm thread joimng the separating bodies, two threads can be seen 
(PI 1, fig 8, Fig IB), which are separated by the ‘vacuole’ The nature of 
this ‘vacuole’ is not certain Vacuoles may often be seen by dark-groimd 
lUummation after about 5 hr growth m a position correspondmg to that of the 
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spaces seen in the Giemsa-stained preparation They often contain a small 
granule in violent BroTvnlan movement, showing that the contents are fluid- 
In manv strains fat globules part be stained by Sudan Black m 5 hr cultures 
corresponding in position to the vacuoles stxm in dark ground and in the 
Giemsa-etained preparations 

From to 10 hr of growth (the time varying firom one stram to another, 
but fairly constant for the same strain on the same medium) four (occasionally 
eight) chromatmlc bodies become joined end to end and then fuse into a single 
chromatin rod m the long ajoa of the ceU. At this stage the vacuoles disappear 
(PI 1 fig 4 , Fig 1 C-E) Fusion occurs only in a certain percentage of the 
cells with some strains, m less than 1%, with others, in over 96% Just 
before this stage, each cdl contains four chromatmic bodies surrounded by 
a cell membrane a few cdls contam eight. The cells which do not show this 
change remain as before, with their chromatin structures in pairs separated by 
vacuoles As a rule, the axial chromatin tods remain unchanged for at least 
46 mm In one strain (N C T C. 1828) they persisted for nearly 8 hr Vacuoles 
then appear m the roi (FL 1 figs 5-7, Fig IF, G) which break up to form 
four chromatmic bodies in two pairs the members of each pair separated by 
a vacuole Around any one of the four chromatmic bodies an eosmophil 
substance is laid down usually oroimd the terminal body (PU 2, fig 8 
Fig IG cf the diagrams of Badian and KHcncberger Nobel) A limiting 
membrane around this eosmophUic afea could not be seen- This eosmophil 
substance increases in size and Incomes the spore body Inside it the chromatimo 
body becomes orientated mto the long axis of the cell and then becomes 
spherical in shape It mcreases m sire, imtil the whole spore body becomes so 
densely basophilic that no mtemal structore can be diitmguished (PL 2, 
figs 9-18 Fig IH-J) The appearance is similar to that seen in one stage of the 
germinating spore. The basophUic material then clears and the chromatinic 
body appears lying on the surface of the spore body Jleanwhile, the three 
remaining chromatmic bodies dlsmtegratc, and eventually the rest of the cell 
disappears leavmg the free spore (PI 2 fig 14 Fig 1K,L) The cells In which 
fusion of nuclear substance does not take place go on to spore formation in 
the same way 

Attempts were made to mduce fusion of nuclei m strains in which this rarely 
happened. Following a suf^estion of Br Khenebcrger NobeL cultures at vancnis 
stages of growth of the stram Camckfergns w er e exammed after 8 hr at 0® 
QurUpmg of the chromatmic bodies occurred in the early stage of logarithmic 
growth (PL 2 fig 15 Fig IM) but at the stage immediately before spore 
formation, when fusion might have been cjqDCCtcd no fusion occurred, possibly 
because of the vacuoles between them, 

IVhon this stram was grown on Lemco agar containing 1/20CM) (w/v) CaCl* 
as recommended by Bordet A Renaiix (1080) for production of asporogenous 
variants about 15 % of fusion cells occurred, instead of the usual 1 % Similarly 
the stram Hankow Hide, normally producing about 40 % fusion cells, produced 
over 90 % when grown on this meium. 

For the estimation of the jicrccntage of cells in which nuclear fusion took 

OHII3 
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place, thfe Lemco agar plate was heavily and evenly inoculated over an area 
of at least 2 sq in , so that the cells in preparations made from the centre of 
this area were as nearly as possible at the same stage of development In 
strams showing almost 100 % nuclear fusion, few preparations were necessary, 
in strams whose cells showed httle fusion, very many preparations were made 




L 



Spore membrane 


CD dD ^ 

Fig 1 



to ensure that fusion was not takmg place The figures m Table 1 are those of 
the preparations showmg the highest mcidence of fusion cells found m the 
stram in question 

All the strams were inoculated into 100 ml of Lemco broth, pH 7 6, and 
mcubated at 87° The cultures were thoroughly shaken after 10 and 17 days’ 
growth and plated out to give smgle colomes Between 50 and 100 colonies 
of each strain were exammed The 17-day period was chosen because variation 
takes place m most strams of ^ anViracis by this time, and if cultures m 
a large volume of broth are incubated longer, motile variants sometimes appear 
l^Tien this happens aU or nearly aU of the colonies found on platmg are smooth 
colony motile variants, the other forms are overgrown m the flasks In 
estimatmg the mcidence of cells showmg fusion the difficulty was greatest m 
strams showing an mcidence between 10 and 90 % , some cells are seen m which 
it is hard to decide whether or not an early or late stage of fusion is takmg 
place Over this range the percentage error is probably at least + 10 % In 
the table the letter ‘Ri mdicates the rough medusa-head colony variant and 
‘S’ the smooth, usually aiirulent, colony variant. ‘RS’ indicates the mter- 
mediate form 

Bacteriophage was present in the strams Cl, H2, and Fl The stram Cl, 
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Table 1 The xnctdenec of jiuclear fusion tn variants o/BaciDus anthracis 


Incidence 
of fusion 


Strain 

(%) 

NCTaiOO 

70 

N (XT a 1828 

80 

N C, 1W7 

4 

N (XT C, 1718 

95 

NC.TC,2020 

40 

N (XT (X 4001 

00 

N CT (X 6180 

1 

N (XT (X 6240 

05 

N<XTCX7200 

20 

A 

1 

CC2 

10 

H8 

50 

H6 

06 

H7 

80 

H8P8 

00 

Bklouse P 

OS 

Mouse 6 

6 

HUliborough 

1 

Newtownards 

10 

Carrickfergui 

s 

R.VH. 

so 

Tlnsdale 

5 

McClean lA 

10 

MoClean 11 

40 

A/ stock 

60 

S/stock 

25 

lindsay 

75 

Dean 

70 

2160 

25 

2101 

00 

Davis 

05 


Type of colonies after 
10 days Incubation 
AIIK 

AHR 

AUR 

AUR 

ADR 

AUR 


ADR 


AUR 


ADR 

AUR 

RS1% 

R 00% 

SM% 

R60% 

RS10% 

R00% 

AUR 


s»o% 

R7X)% 

RS 1% 

R 00% 

AUR 
AU R 

Glftet colonies (R) 50 % 
R60% 

AU R 
AUR 

AU R 

SmaU smooUx 1 % 
R00% 

AUR 

AUR 

AUR 

Coccal variants 05% 
RM% 

AU RS as original 
ADR 

1 smooth colony 
Remainder R 
RS 6% 

R05% 


Type of colonic* after 
17 days incubation 
RS 20% 

Reo% 

AUR 
ADR 
8 63 % 
n48% 

A few coocal variants 
Remainder R 
8 12 % 

RS 07% 

R15% 

Sl% 

RS1% 

Remainder R 
S40% 

RS3a% 

R27% 

ADR 

ADR 

R86% 

R 06 % 

RS 60% 

R40% 

S B0% 

R70% 

820% 

RSa5% 

n45% 

S60% 

R80% 

RS 80% 

R70% 

AUR 

ADR 

Ghost colonies 70 % 
R70% 

AUR 

Coccal variaoU 75% 
R25% 

AUR 

1 oooeal variant 
Hemainder R 
305% 

R85% 

Coccol variants only 
ADR 
8 16% 

Re5% 

ADS 
8 10 % 

R«)% 

S4% 

no8% 

AU R 
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KXPLANATION OF PLATES 

Pl-ATC 1 

An pbotogmphs wre of ocrrer-^lip prepaxatioiu mounted In Tratei Magolflcation x 4000 

Fig 1 Stmin Hankow Hide rough cokmy type, after hr incubation ihowing widely 
ipaoed ohromoeomca 

Fig 2. Strain Cl tmooth colony type, after 8| hr fcoenbotJon ihowing (a) incomplete 
division of chromoaoines, and (6) divided obromoeomei lying olooe togetbes. The 
chromosomes axe more olosdy spaced than In Pig 1 Photograph by Hr C, F Robinow 

Fig 8 Strain CarrlckfergUf after 4^ hr Inoubatloo, tbowlng ■eparoting chromosomea 
connected by two threads of chromatin enclosing a vacuole. 

Fig 4. Strain Hankow Hide, after 7 hr inoobaUon on agar oontalntng CaC^ 1 1 2000 (w/v) 
■bowing (a) chromosomes }<^ed end to end, and (b) complete fusion 

Fig 5 Strain and medium as In Hg 4 7i hr Incubation. Stages in the breaking up of 
tbe fusion cylinders i (a) a long form, probably d eriv ed from eight dhromosomes and 
(b) 0 short form deriv^ from four chramosoroes. 

Figs. 0 and 7 Strain and medium as In Fig 4 showing appearances suggestive of obiasma 
formation. 


PlOTK 2 

Fig 8 Strain Garrickfergus, 8 hr loeabatlon on ordinary agar showing on early stage of 
the spore tbe remaining chromaUn material is indistinct. 

Fig 0 Strain Cl A later stage than fig 8 The spore b larger than in Fig 8 and tbe 
chromosome is In the long axti 

Fig 10 Strain Hankow Hide, 8^ hr incMbft t loo. 'Hae chromosome Is bent Into a ho r se i hoe 
shape. 

Figs. 11 and 12. Later stages of Fig lo showing nrpandlng tlngi of 

Fig 18 Completely baaophOIe spores, similar to those seen in nne stage of geonlnation 
Fig 14. StralnCl Resting Bpores, hydrolysed at room temperature, hvobUquaniamination 
showing the spore chromosome and the outer spore membrane. 

Fig 15 Strain Carrickfergus after 8 1 hr IncubaUoo at 8T° and 1 hr at 4 showing chnnpiog 
of nuclear materiaL 

Pig 10 Strain Unsdale. Cocca l variants, ihowing the linj^ cliromoiome. Dividing form* 
■how two chromosomes. 8 hr Incubation Photograph by Dr C. F Robinow 

Pig 17 C dipW/fcrfae, ICMlay culture oo NeUT* blood tellurite r oedimn, ehowlng tingle 
ohromosome photographed in light of 485^8 /i bond of tim mercury arc. 


(iJccrtoed 16 February 1948) 
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The Egg -Yolk Reaction of Aerobic Sporing Bacilli 

By C A McGAUGHEY and H P. CHU 
Institute of Animal Pathology, University of Cambridge 

SUMMARY Among a large number of strams of aerobic spormg bacilb only Ba 
cereus, B mycoides and, to a lesser extent, B anthracis were able to produce turl 
and formation of a curd m salme extract of egg-yolk None of the other sj 
tested, namely, B alvei, B alcalophilus, B brems, B carotarum, B circi 
B coagulans, B fusiformis, B lickeniformis, B macerans, B megatherium, B pm 
B polymyxa, B orpheus, B repens and B subtilis caused any opalescence ii 
yolk medium The yolk reaction was due to the aetion of phospholipinase prod 
by the orgamsms As m the case of Cl welchii a-toxm, the yolk ourd-fonmng ad 
of B cereus and B mycoides also was associated with haemolytic activity 
substances responsible for these activities appear to be similar, and may be iden 
The yolk reaction has proved useful for the rapid identification of B cereus, as 
more specific than any of the other distmgmshing tests hitherto employed The 
positive orgamsms, B cereus, B mycoides and B anthracis, have been considew 
previous workers on the grounds of morphology and antigemc structure to be el 
related. 

Nagler (1989) descnbed the effect of Cl welchii cultures and toxic filtratt 
human serum m producing an opalescence and curdmg (Nagler reaction), ’ 
Macfarlane, Oakley & Anderson (1941) found that egg-yolk saline (a leci 
viteUin emulsion) is even more sensitive than human serum (the leci 
viteUin (l V ) reaction) Macfarlane & Knight (1941) then showed that 
production of opalescence in egg-yolk emulsion was due to the actio 
a lecithmase, which split phosphochohne from lecithin, in the Cl we 
toxic filtrates which was probably identical with the a-toxm Since then, 
Nagler reaction and the lecitho-viteUm (l v ) reaction have been extensi 
used for the titration of a-toxm of Cl welchii (Nagler, 1989, van Heymn 
1941 a) and for the rapid identification of certain clostridia (Hayward, 1 
1943) 

It IS interesting that Nagler (1989) observed a non-pathogenic aerobic sp 
bearing bacillus which caused an opalescence in human serum like that cai 
by Cl welchii, but the effect was not inhibited by Cl welchii antitoxm Ci 
(1942) and Hayward (1948) also mentioned that some aerobic bacteria cai 
similar opalescence In the hght of these observations we have sought 
similar enzymes in the aerobic spore-beanng bacilli The work started ■n 
a survey of the Bacillus group to ascertain which of them produced an < 
yolk reaction A test of 260 identified strains, compnsmg 24 species, sho' 
that only B cereus, B mycoides and some strains of B anthracis were posit 
In companson with other characteristics generally used for the differential 
of the Bacillus group, the yolk reaction seems to be much more selective < 
can hardly find any other characteristics which are confined to only tw( 
three species of this very large group of orgamsms, and the test deserves 
attention of taxonomists of the Bacillus group We have investigated 
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specificity of the yolk reaction among aerobic spore bearers, the use of the yolk 
broth and yolk agar for the rapid Identification of B cereus and B mj/cctdcj, 
and the poasible correlation between the yolk reaction, haemolysis and phos 
pholipinase activity The properties of the phospholiplnase have been studied 
in some detail and will be more fully reported in a subsequent paper 

METHODS AND MATERIALS 

Cultxires For this investigation 200 previously identified strains and about 
100 freshly isolated strains of the aerobic spore bearers were used They 
included 24 species and many classical strains Most of the cultures were 
identified accordmg to Gibson & Topping (1988) 

Media 

Egg-yoUi saline Earlier workers used the yolk of one egg in 250 or 600 mL 
salme. As the sues of yolks were found to vary, a 5 % (w/v) yolk salme was used 
instead. It corresponds to one egg yolk m 800-^0 mb saline, as egg yolks 
usually vary from 15 to 20 g The yolks from fresh eggs were weighed and 
diluted with physiological saline to the required volume To every 100 mb of 
the suspension about 2 g of kicsclgabr were added After stimng, the mixture 
was filtered through paper pulp on a Buchner funnel, and then sterillxed by 
possmg through a Seitz KK filter The solution was distributed m small bottles 
and kept m the refrigerator 

Yolk braih. Yolk broth (5 % w/v) was prepared the same way os yolk saline, 
except that nutrient broth was used instead of saline. It was distributed m 
tubes and fkisks The medium Is perfectly clear by transmitted light and 
remains stable for weeks if kept sterilo in the refrigerator The yolk broth tube 
IS most uscfbl for tests of pure cultures Organisms that produce potent 
phospholiplnase render the medium thickly milky after 8-10 hr meubation 
A thick curd usually appears on the top of the medium m 10-24 hr Other 
organisms grow in it without any change of the medium. The difference can 
be seen in PI 1 fig 1 

Yolk-agttr plate The yolk agar was prepared by mixmg equal parts of the 
above 6 % yolk broth and 4 % nutrient agar at 46® with stexilc precautions and 
immediately pouring into sterile Petn dishes. The resultant medium is simply 
on ordinary nutnent agar containing 2 6 % egg yolk The yolk agar plate is 
mainly used for the isolation of phospholipinase-produemg organisms, the 
colonies of which are clearly marked by a thick opaque rone usually extending 
several mm- frnm the colony PI 1, fig 2 shows how B cereus can be readily 
isolated from sod by plating on egg yolk agar The yolk agar plate can also be 
used for testing pure cultures. One plate can be conveniently used for seven 
cultures, Pbl fig ashowsthediffercntappcaranccofthccolonlesofpositiveand 
negative organisms The width of the opaque rones serves as a rough indication 
oftheirrdativeacbvitiea Negative organisms, instead of producing opalescence, 
usually render the medium dearer 
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EXPERntENTAX, AND RESULTS 

The specificity of the egg-yolk reaction tn aerobic sponng bacilli 

Two hundred and sixty identified strains of aerobic sponng bacilli were tested 
in yolk-broth and yolk-agar plates The results (Table 1) show that the reaction 
was produced by B cereus, B mycoides and, to a lesser degree, by B anthracis 
Especially in B cereus, the ability to react with the egg-yolk was a fairly 
constant characteristic Of the 81 strains tested, 78 gave rise to a definite 


Table 1 Specijicity of the egg-yolk reaction in aerobic sponng bacilli 

Yolk-agar test Yolk-broth test 


Positive Positive 



No of 

/' ^ ^ 

Negative r- 


^ Negative 


strains 

In In 

after 

In 

In 

after 


tested 

24 hr 1-5 days 

5 days 24 hr 

1-5 days 5 days 

B cereus 

80 

73 7 

— 

72 

5 


B mycoides 

13 

4 7 _ 

2 

11 

— 

2 

B anthracis 

20 

5 15 

— 

5 

12 

3 


Completely negative in both tests 





No of 


No of 



No of 


strains 


strams 



strains 


tested 


tested 



tested 

B megatherium 

23 

B brems 

6 

B 

fusiformis 

8 

B ciTculans 

8 

B carotarum 

3 

B 

alcalophilus 

2 

B subtihs 

35 

B alvei 

8 

B 

coagulans 

4 

B pumtlus 

20 

B macerans 

4 

B 

repens 

2 

B hchemformis 

18 

B polymyxa 

3 

B 

aminovorans 

1 

B freudenreichii 

1 

B firmus 

1 

B 

orpheus 

1 


opaque zone extending beyond the colony within 24 hr , of the other 8 strains, 
7 produced opalescence in the medium immediately underneath the colony 
after mcubation from 1 to 4 days The NCTC strain 1599 W, labelled 
B cereus, failed to show any opalescence m yolk agar, and was finally identified 
as B subtihs It was interesting to note that by plating on yolk agar, a stram 
of B cereus was found to be a mixed culture of a positive B cereus and a 
negative B hchemformis Another interesting findmg is that the only strain 
of B megathenum from the National Collection of Type Cultures found positive 
V as identified by other tests as B cereus The reidentification of these strains 
has been confirmed by Mrs A C Stirlmg of the East Scotland and Edinburgh 
College of Agriculture 

Of the 13 strains of B mycoides examined, 11 strains gave the reaction m yolk 
broth The \olk-agar plate is not very suitable for B mycoides because the 
opaque zone is usually obscured by the rapidly spreadmg growth of the 
organism, though reaction is evident from the increase of opacity m the 
medium xmdemeath the centre of the colony For the readily spreading 
B mycoides yolk broth is more satisfactory 
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With B anihrads the reaction vres much weaker With most rtrains the 
opalescence appeared only after 48 hr incubation and seldom extended beyond 
the colonies ^me correlation between the colony appearance of D anthraas 
and the yolk reactivity was noted. The strongly reacting strains were usually 
those with smoother colonies, which were rather like the colony of B eereus 
than the typical medusa head B anthraels colony Thus the avirulent variant 
H and the mucoid variant HU, which Dr P Bruce White obtamed from the 


Table 2 Vetnatwn of yolk reactivity amotig itraxiis 




Width of opaque 

Tiine required 




xoDo bejoTKi the 

to produce 

Arbitrary units 



colony (nun.) In 

flocculation 

of yolk reacting 



24 hr yolk 

In yolk broth 

substance In culture 

Species 

Strain 

agar ooltuie 

(hr) 

superuotunt 

B eereuM 

loai 

6 

0 

2-0 


{MS 

4 

0 

1-0 


6800 

4 

8 

0*85 


*37 

2 

80 

Undetectable 


009 

* 

72 

Undetectable 

B mycoidea 

«84 

• 

8 

0^2 


esi 

* 

6 

0^28 

B anthradM 

Tliome 

8 

12 

Undeteotable 


HU 

8 

18 

Undetectable 


VoIIuni 

• 

60 

Undetectable 


Fill* 

• 

00 

Undetectable 

• m 

The opaque xone confioed to the 

area underneath the colony 


typical strain Vollum’, are much more potent m yolk reaction than their 
parent stram Also the smooth and smooth mucoid variants that we obtained 
from a virulent strum ElUs by prolonged cultivation m broth, were found to 
be more active than the onginal strain Furthermore, the two Pasteur 
vaccine variants obtained from the National Collection of Type Cultures were 
also more active 

The substance reactmg with egg yolk could be demonstrated m the culture 
filtrate of most strains of B cereurondB mycovicj but not in any of the strains 
of B anthracis Like other biochemical activities the yolk reacting actrvity 
of these organisms also vanes among atrams (Table 2) 


The meehanitm of the yolk rtadlon 

As with the a toxin of Cl xvelchtx (Macfarlane & Knig ht, 1041), the yolk 
reaction of B ccreus and B myeoxdes also was found to be due to the action of 
aphosphohpinase.TheyoIkreactivity measured by a modified van Hcyningcn s 
turbidimetnc method (1041 a) ran in parallel with the phospholipmase activity, 
measured by the Macfarlane & Knight • method (1041) DifTcnng from the 
lecithinase of Cl xcdchti the phospholipmase of B ccreiu attacks both 
lecithin and kephalm, with the production of acid soluble organic P but no 
inorgamc P The hydrolytic products of leathm have been isolated and 
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identified as neutral fat and phosphocholine The properties of the enzyme, 
or enzymes, have been studied m some detail and will be reported more fully 
m a subsequent paper 

The association of yolk reaction with haemolytic activity 

In Cl welchii, the lecithinase activity, the yolk-reaction activity and the 
haemolytic activity were found to be closely associated This association was 
also noted in B cereus and B mycoides Strains produemg the yolk reaction 
were always haemolytic The opaque zone and the haemolytic zone produced 
in yolk agar and blood agar by 7 strains of B cereus are compared in PI 1, 
fig 4 The yolk-reaction activity and the haemolytic activity of the culture 
filtrates of a number of straijis of B cereus and B mycoides also have been 
determmed b^^ the colorimetric methods of van Heynmgen (1941c, h) and 
Herbert (1941) For most strains these two activities ran in close parallel But 
a few strains had a much higher ratio of haemolytic activity Thus the culture ' 
filtrate of strain 720, which showed only trace of yolk reactivity, was fairly 
haemolytic The possibility of a second haemolysin, unrelated to the yolk- 
reaetmg substance, is under investigation Although there is no direct evidence 
to show that haemolysis is due to the phosphohpinase activity, indirect 
evidence strongly suggests that part, if not all, of the haemolysin of B, cereus 
and B mycoides is closely correlated with the yolk-reactmg substance or 
phosphohpmase An interesting observation is that both haemolysis and the 
hydrolysis of lecithin by culture filtrates of B cereus are inhibited by normal 
serum (human, horse, ox, sheep, rabbit) m very high dilution 

B anthracis generally is regarded as non-haemolytic, and lack of haemolysis 
has long been used as an important entenon for differentiatmg it from the 
saprophytic spore-beanng bacilli However, it was observed that with most 
strains of B anthracis examined, zones of haemolysis limited to the area under- 
neath each colony developed after incubation for 2-8 days on sheep-blood agar 
Thus haemolytic activity seems to be associated with the yolk-reaction activity, 
inasmuch as the opalescence produced by B anthracis on yolk-agar plate also 
developed very slowly and seldom extended beyond the colony It must be 
pointed out that although haemolysis and yolk reaction can be demonstrated 
in blood-agar and yolk-agar plates, neither haemolysin nor the yolk-reactmg 
substance has ever been detected in the culture filtrate of even the most active 
strain of B anthracis yet examined The sheep erythrocytes used in the blood 
agar were washed because it was found that haemolysis produced by these 
organisms was strongly inhibited by normsd serum There is considerable 
vanation in the sensitivity of erythrocytes from difFerent species of animals 


DISCUSSION 

The group of aerobic spormg bacilli comprises a very large number of species, 
the differentiation of which is still a problem for taxonomists Although several 
classifications have been put fon^ard by various workers (Bergey, Breed, 
Murray & Hitchens, 1939, Gibson & Topping, 1988, Smith & Clark, 1987; 
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lATnArtna, 1940 a« 6 & c) there la still much confomon and new teats woidd seem 
tobenecessaryforasatisfactoryclassiflcatiom With the sunple egg yolkreaction 
we have been able to pick out from this large group of organisms three species 
which have been suspected by previous workers to be closely related* B mycoides 
13 usually distmguished from other aerobic sponng bacilli solely by its cha 
racteriatic filamentous colony Apart from this feature, which is very liable to 
variation (Lewis, 1982 Gordon, 1940 Lamanna, 19406), B tnyctmiM is almost 
mdistmguishable from B cereut Their close relationship is further suggested 
by the finding of T>amanna (19406) that many strams of B mycoxda possess 
the same spore antigen as that of B cereut Our findmg that so far these are 
the only species in the large group of aerobic sporlng bacilli found to produce 
this phosphohpinaae enzyme strongly supports the view that they are related. 
The fact that B anihracii can cause arather weak and slow yolkreactloD is also 
of mtcrest. Although typical B anihracit is quite distmct from B eereu* and 
B myandet, these latter ore the organisms most likely to be confrised with the 
anthrax baciHus thus the strams of so-called ‘B anihraeo%det\ extensively 
studied by Gnerson (1028) were mostly B ctfr«a The results of our numerous 
biochemical tests support the opuuons based on morphological and physiological 
studies of other workers viz. that B cereut and B mycoxdet are closely related 
to B anihracit 

The egg yolk reaction has two advantages over other testa generafly used 
for the identification of the aerobic sponng badlh First, as it is much more 
selective, shown only by three closely related species, a positive yolk reaction 
win exclude many species otherwise similar Secondly, the characteristic 
opaque zoni around the colony enables a rapid recognition of B cereut m 
a mixed culture Confirmation of the usefulness of the teat m the taxonomy 
of the BacxUut group depends on its application by many other workers to 
a greater nnmber of strams. 

Finally asB c^eutandB mycoidw arc among the most common laboratory 
contammants it would seem to be worth while to take precautions against 
contamination m the titration of certain toxins using the egg volk reaction, 
expecially when the reaction mixtures ore mcubated ovcrmght. 

We wish to express our thanks to Dr St John Brooks, formerly Curator of the 
Katlonal Collection of Type Cultures for his Idndn^M in providing us with a large 
number of strains of aerobic sporlng bacOli also to Dr T Gibson and Mrs A* C. 
Stirling East of Scotland and Edinburgh College of Agriculture, for many standard 
strains of B cereut and other species. 
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EXPLANATION OF PLATE 

Fig 1 The yolk-broth reaction, after 24 hr incubation (1) B cereus, active strain, 
(2) B mycoides, (8) B cereus, rather weak stram, (4) B anthracis, (5) B subtilis, 
(0) B megalhenum, (7) B licheniformis, (8) uninoculated yolk broth 

Fig 2 The isolation of 5 ccrews from sofl by egg-yolk agar plate, note the four colonies with 
opaque zone 

Fig 8 The egg-yolkagar plate test (1)R cereus, active strain , (2) B mycoides, {3)B anthracis, 
(4)B megathenum , {5) B cereus, rather weak stram, (0)B licheniformis , {7) B sublilis, 
(8) B anthracis, stram ‘vollum’, (0) B anthracis ‘H’ vanant of str^ ‘vollum’, 
(10) B anthracis ‘HM’ vanant of stram ‘voUirm’ 

Fig 4 Seven strains of B cereus grown on yolk-agar plate (left) and blood agar plate (nght) , 
note the correlation between yolk flocculatmg activity and haemolytic activity 
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Gladiolic Add, an Antibiotic Substance Produced by 
PenicilHum gladioli McCull & Thom 

By P W BRIAN P J CURTIS and H. G HEMMING 
Imperial Chemical Industries Ud, Butterruick Bescarth Laboratories Welaiph Herts 

SUMMARY GlndioUo add 1 b prodaced ■when PenidUium gladioh is grown on a wide 
range of cnltorc media The main foctor InQuencing its production and accumnlation 
Is the pH drift of the medium high yields being associated with a charocteristlo 
pH drift, consisting of an initial &I1 to about pH 4*0 followed by a steady but not too 
rapid rise- Continued low pH is unfavourable too rapid a rise of pH is also onfevoun- 
able since gladloUc odd tends to disappear from the medlom wben pH 6*0 is reached, 
the disappearance being very rapid at pH 7 0 or above. The eflects of variation of 
the initial pH of the mediran of glucose concentration, of variation of nitrogen ■ource 
and of additions of certain organic adds are all explicable in terms of their effect 
on pH drift. 

The antihiotio li best extracted frorn culture filtrates by treatment ■with activated 
cbarooel after adjustment to pH 4-0 elution of the charcoal with ether and re- 
crystaHixation from water after evaporation of the ether Yields of the order of 
800 mg fL are obtained 

GladloUc add is highly fungistatlo if tested at low pH the teede effect U due to the 
undlssodated molecales only and at pH 7 0 wben dissociation Is 'virtoaUy complete, 
gladloUc add Is almost inactive. At pH 8 b the least concentmtion inhibiting 
germination of fungus spores varies from 0 D/tg /ml for PuaoHton graminearum to 
250 fig /mL for Trlehoderma virtde. It is not highly antibacterial in broth, many 
organisms growing freely in the presence of 500pg /mh This krw activity is thought 
to be doe in part to the dissociation of gladloUc add at pH 7 0 and In part to 
inactivation by certain broth constituents. This view is s u pported by the observation 
that bootenal cells suspended In gladloUc aad solutions (lOOpg ^ buffer at 
pH 4*0 are rapidly WUed- This bactericidal effect occurs with both Gram positive 
and Oram negative organisms. 

GladioUc add In solution is relatively stable In the range pH 8 0-8*0 In the 
pr ese nce of ammonium salts or certain anilnx>>«cids, notably p^aminobenzolo add 
it Is rapidly Inactivated ooloured complexes being formed. The reaction with 
ammonium salts Is dependent onpH,notpTOoecdIng at pH 8 5 but proceeding rapidly 
at pH 7 0 The rapid disappeamnoe of gladloUc add in culture when the pH rises 
above 6*0 is possibly assodated with this type of reaction. 

PeniciUtum gladxolx McCuIl & Thom is found in many parts of the world as 
a weak parasite on Gladiolus corms m storage (Moore, 1089) It is imcertain 
whether infection of the conn takes place m the soil err at a later stage but it 
seems certam that on some occasions infection takes place before ■the corms 
are lifted this suggests that the fungus may be free-living m the soil though 
no record exists of its direct isolation from soiL 

In apreh mm a r y commumcataon (Bnan Curtis, Grove, Hemming & McGowan, 
1040) strains of P gladioli were shown to produce a strongly antifungal and 
weakly antibacterial substance, gladiolic acid which appear^ to be a raethoxy 
methyl 2-carboxvphenyl glyoxal (CuHjjOj) The present eo mmum cation la 
confined to a more detailed study of the conditions of production of gladiolic 
acid and of its biological properties, its chemistry -will be dealt ivith in a 
separate publication. 
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Methods 

Assays of fungistaiic and bactenostatw actimty For routine assays of fungi- 
static activity a spore germination test has been used, with comdia of Boirytis 
aUii Munn The results are expressed m arbitrary b a imits/ml ; a b a unit is 
that quantity of antibiotic which, dissolved m a stated quantity of Wemdlmg 
medium, reduces germmation of B aUit spores to 2 % or less Details of this 
techmque have been previously descnbed (Brian & Hemming, 1945) IJuless 
otherwise stated, aU solutions were adjusted to pH 8 5 before assay of fungi- 
static activity Assays of bactenostatic activity were made by senal dilutions 
m broth Other special methods, where used, are descnbed later 

Methods of culture In experiments which did not involve extraction of 
gladiolic acid, cultures were grown on 250 ml lots of medium m ‘Glaxo’ 
cultiue vessels (Clayton, Hems, Robinson, Andrews & Hunwicke, 1944) 
Samples of the underlymg medium were withdrawn periodically for assay, 
under sterile conditions In general, six cultures were set up on each medium 
in an experiment, the samples for each vessel m each set of six bemg bulked 
for assay For bulk production, earthenware culture vessels, each holdmg 
0 6-1 Ol , were used 

A crude grade of glucose was used m aU media unless otherwise stated All 
cultures were grown at 25° 

Production of spores for inoculum Sporulation of P gladioli is closely 
dependent on temperature McCulloch & Thom (1928) record that at 20° few 
comdiophores are produced, though sclerotia are formed abundantly, whereas 
at 15° comdiophores and comdia are produced freely, with few sclerotia. 
Gladiolic acid is produced by both of the two strains of P gladioli exammed 
no 59 (N C T C 8994), isolated by F T Brooks m 1981, can be characterized 
as a comdial stram, producing comdia abundantly at room temperature 
(c 15-20°), with few sclerotia, no 206, isolated from a corm m 1944, 

can be characterized as a sclerotial stram, producmg sclerotia abundantly, with 
very few comdiophores, even at room temperature Smce easy production of 
spores for inoculum was a matter of importance, stram no 59 was used in 
all the experiments now described It was found best to grow the mould 
on Czapek-Dox agar m flat medicme bottles, these are mcubated for 8—4 days 
at 25° and the bottles are then removed from the mcubator and kept at room 
temperature Under these conditions comdia are produced abimdantly, though 
few are produced if the cultures are mcubated at 25° throughout Comdia were 
removed from the cultures by addmg a little sterile water to the bottle and 
gently rubbmg the agar with a sterile glass rod 

Belahon between medium and development of fungistatic activity 

Prehmmary experiments mdicated that Raulm-Thom medium was more 
effective than Czapek-Dox, somewhat higher titres bemg attained and mam- 
tamed for several days, whereas on Czapek-Dox a sharp decline followed the 
de\elopment of peak activity Accordmgly, production of gladiolic acid in 
a medium of the Rauhn-Thom type was studied, and in later stages, m 
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a simplified mediimi The gladiolic acid "vras not extracted, but was assayed by 
the B aUi% spore germination test. It was assumed that all activity was due 
to gladiolic acid Our experience m extraction experiments has 3 ustifled this 
Assumption, 

The variables studied included initial pH of the medium concentration of 
carbon source (glucose) type of nitrogen source, and the effect of additions of 
malic acid to ammoma nitrogen media. All the experimental data presented 
below mdicate that these factors mainly influence the pH drift of the medium 
during growth of the mould. 

Table 1 Effect of initial pH of Ratilin Thom medium (7 S % (w/u) glucose) 
onfungittaUo actimty (b.a unitsfml ) <^Pemcilliura gladioli cultures 


Days growth 


Initial 

pH 

as 

4 

8 

11 

BJu lodta/mi 

36 

21 

Mean final 
dry wt of 
myccHum 
(g /cnltarc) 
27 

_ 

_ 

_ 


z 

42 

— 

12 

82 

48 

48 

8-0 

0 0 

8 

04 

£4 

£4 

4 

88 

01 

6 

00 

82 

82 

e 

81 

06 

6 

M 

£4 

24 

4 

81 


Initial pH of Botdin Thom medium Haulm Thom medium was prepared, 
according to the formula given by Brian, Curtis & Hemmmg (1946) with initial 
pH rangmg from 8 2 to 6 8 The glucose and salts were made up m separate 
solutions the pH of the salt solution being adjusted with HCl or KOH before 
autoclaving and the two sterile solutions mixed imder sterile condibons This 
procedure avoids the considerable breakdown of glucose that occurs if auto 
claved m the complete medium at high pH. Results of periodical assavs and 
final dry weights of the myceUum from P gladioli cultures on these media are 
recorded m Table 1 

It wiH be seen that the low initial pH docs not favour the producbon of 
fungistabc substances, none developing m the medium inibaHy adjusted to 
pH 8 2 and some developing only slowly m the medium initially adjusted to 
pH 4 2 Growth and development of the fungus were also affected on the 
pH 8 2 medium the mycebal felt produced •was never completdy confluent and 
few if any conidiawercformed, AtpH4 2growthwasconfluent,butsponilabon 
•was reduced At higher pH values thick, •vigorously sporing felts were rapidly 
produced The final dry -weight of myceUum (i e. after 21 days’ gro-wth) -was not 
very markedly affected by initial pH, though the same general trend •was 
observed the failure to produce gladiolic acid m media of low pH cannot be 
attributed to reduction m the growth rate of the mould. Study of the pH drift 
(Fig 1) reveals a significant difference between the media rapidly producing 
high concentrations of gladiohc acid and the two poorer ones The pH 8 2 
medium shows an Imtial fall to pH 2 0 followed by a slow nse to pH 2 6 
The pH 4 2 medium shows an imtial fall to pH 8 0 followed by a rise to pH 5 1 
and the fungistatic acb-vity devdops during the phase of rising t^TT. TKa 

OKU) 
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remauung three media (pH 5 0, 6 1, 6 8) show similar pH drifts, there is an 
imtial fall to near pH 8 0, followed by a rapid rise to pH 6 0-6 5 after which 
a fairly steady level is mamtamed Fungistatic activity develops rapidly 
durmg the phase of rismg pH, but then falls The significance of these relations 
becomes clearer after consideration of further experiments 



Fig 1 ESect of initial pH of Raulm-Thom medium on pH drift m cultures of Pentctlhum 
gladioli (x, pH8 2, A, pH4 2, □, pH6 0, O, pH6 1, +, pH6 8 ) 


Table 2 Effect of glucose content of Raulm-Thom medium (pH 5 5) on 
fungistatic activity (b a units {ml ) of PemciUmm gla^oli cultures 





Days growth ■' 





Mean final 
dry wt of 
mycehum 
(g /culture) 

Dextrose 
(% w/v) 

I 0 

i 

4 

0 

9 

12 

units/ml 

16 

20 


_ 




'v 

2 1 

2 5 

16 

2 

— 

— 

— 

— 

84 

6 0 

8 

48 

82 

16 

2 

— 

8 1 

75 

0 

10 

64 

48 

16 

8 

48 

10 0 

0 

12 

82 

06 

48 

24 

47 

15 0 

4 

8 

12 

24 

96 

96 

4 6 


Glucose concentration tn Raulm-Thom medium P gladioli was grown on 
Rauhn-Thom medium made up, at pH 5 5, with glucose concentrations 
rangmg from 1 0 to 15 0 % (w/v) Results of assays, pH drift and mycelial 
weights are recorded m Table 2 and Figs 2 and 8 This experiment is particularly 
lUummating The following pomts should be noted 

(a) The tj'pical pH drift is an mitial fall followed by a rise, the rate of rise 
m pH being mversely proportional to the glucose concentration Thus, for 
example, the medium with 15 0 % falls to pH 3 5 m 4 days and thereafter rises 
slowlj to pH 5 8 after 20 days, the medium with 2 5 % glueose falls to pH 4 4 
in 4 days and thereafter rises rapidly, reaching pH 7 0 in a further 2 days. 




•A onCo/mL 
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after ■which the change m pH is more gradual The medium with only 1 0 %* 
glucose IS anomalous to the extent that no imtial fall in pH was recorded, though 
this might have been detected if the medium had been tested earher 

(&) ImtiaUy, the rate of development of fungistatic activity (neglectmg for 
the moment the medium -with 1 0 % glucose) is mversely related to the glucose 
concentration 

(c) The peak of fungistatic activity is directly related to the glucose con- 
centration, a slow mitial rise m assay being correlated "with a higher peak assay 

(d) Fungistatic actmty, after reaching a maximum, falls off m aU media 
save that with 15 0 % glucose The faU m activity m each case coincides with 
the development m the medium of a pH above 6 0 The absence of a fall in 
activity m the medium with 15 0 % glucose is consistent with the fact that at 
the end of the experiment the critical pH 6 0 had not been reached 

(e) Although ivith mcreasmg glucose concentration the weight of mycelium 
formed increases, the difference in mass of mycelium cannot be held to account 
for the differences in gladiolic acid assay 

These experiments on the effect of glucose concentration and imtial pH" 
strongly suggest that an upward trend of pH in the ipedium favours gladiolic 
acid production or accumulation, but that once pH 6 0 is reached the gladiolic 
acid IS progressively destroyed This ■view was confirmed by an experiment 
using different carbon sources The fungus was imable to utihze lactose, httle 
growth took place and no gladiolic acid was produced Starch, dextnn, 
sucrose, glucose and glycerol were all utilized, the pH dnft with glycerol and 
sucrose was much more gradual than with glucose and higher assays were 
mamtamed much longer with these two materials In each case actiiuty began 
to fall when pH 6 0 was reached 

Nitrogen source and organic acid supplement In an experiment with a number 
of different nitrogen sources a simplified medium (Brian, Curtis & Hemming, 
1947) was used The nitrogen sources were potassium nitrate, ammonium 
mtrate, ammonium sulphate and ammonium tartrate Experience ■with other 
fungi suggested that at times the whole course of metabolism may differ if 
ammoma nitrogen is substituted for mtrate nitrogen There is also evidence 
(Brian et al 1947) that utilization of ammonia nitrogen may be facilitated by 
the presence of certain organic acids and hence ammonium tartrate was 
compared ivith ammonium sulphate, supplements of malic acid (0 5% w/v) 
to ammonium sulphate media nere tested for similar reasons 

The lanous nitrogen sources were added to give mtrogen equivalent to 
0 23 % potassium nitrate, at two glucose levels (2 5 and 10 0 %), the media 
being adjusted to pH 5 5 P gladioli was grown on these media in the usual 
way It IS quite clear from these data (Table 8 and Fig 4) that the form of 
nitrogen supplied is of little importance except in so far as it affects the drift 
of pH in the medium Ammonium sulphate alone failed to give high assays with 
either low or high glucose concentrations This is probably explained by the 
umform low pH of ammonium sulphate media, pre^viously shown to be 
unfa\ourable to gladiolic acid production, m the senes with high sugar con- 
centration groivth m ammonium sulphate media was relatively reduced, but 
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not to o sufBcient extent to explain the low assays Addition of raalate to 
ommomum sulphate media led to an upward pH drift and correspondingly 
higher assays Wth aU the media the assay rose with a rising pH drift m the 
medhun falling when a pH above 6 0 was reached The results are of interest, 
too m showing that a low glucose concentration (2 5 %) is not intrinsically 
unfavourable, in a medium with ammomum tartrate as nitrogen source, in 


Tabic 8 Effect of nitrogen sourtx, at hoo glucose concentrations on development 
of fungttUUic actixntii (n^ nnits/mL) tn Pcmciliium gladioli cultures 


Nitrogen tources in theae media are at foUcmii N potassium nitrate AN ammoniam 
nitmtei AS ammoDlum solphatei AS+M ammonium sulphate +mBlAte A, ammonium 
tartrate 




^ — 


— 

— * 




Mean flnal 



4 

0 

8 

11 

15 

18 

22 

dry wt- of 


Ghicote 



aji unlu/ml 



mycelium 

Medium 

(% w/v) 

r~ 



* — 




(g /oultme) 

N 

20 

0 

4 

2 

— 

— 

— 

— 

1 8 

AN 

2 S 

4 

82 

10 

— 

— 

— 

— 

1-4 

AS 

25 

4 

4 

2 

2 

2 

— 

— 

12 

AS+U 

25 

0 

6 

2 

— 

— 

— 

— 

1 1 

A 

25 

4 

(U 

82 

12 

— 

— 

— 

12 

N 

10-0 

0 

12 

24 

04 

82 

48 

00 

88 

AN 

10-0 

4 

10 

10 

82 

82 

82 

48 

80 

AS 

10<1 

4 

0 

2 

2 

2 

2 

2 

32 

AS+M 

ICK) 

4 

82 

82 

04 

90 

82 

i4 

82 

A 

10-0 

2 

6 

12 

10 

24 

32 

48 

5 8 


which the pH does not nse too rapidly quite high assays were recorded 
thoxigh activity fell rapidly a* soon as pH 0 0 was reached It remams generally 
true, therefore, that to maintain high assays a high sugar concentration In the 
medium is necessary 

The effect of malic acid supplements m making ammonium sulphate media 
favourable for glodiohc acid production and accumulation was also studied 
To an ammonium sulphate medium malic acid supplements were added in the 
range 0 05-1 0 Yo (w/v) all media bemg adjusted to pH 6 5 with KOH. From 
the results of assays and pH drifts in P gladioli cultures on these media 
(Table 4 and Fig 6) it will he seen that the medium without supplement shows 
a slow fall m pH and that as the concentration of added malic acid is mcreased 
the slow fall was replaced by a rapid nse The assays show similar relations 
to pH as were observed in previous expenroents The optimum medium Is 
that with 0 25 % malic acid which produced the gradual nse m pH previously 
found to be favourable. 

It has been shown (Brlanrt al 1947) thatmnlate supplements to an ammonium 
sulphate medium greatly stimulate growth *of Meiarrhizium gluiinosum Pope 
( ■=il/i/roi^cctum oerrueano (Alb A. Schw ) Ditm ex Fr ) and production of the 
antibiotic by that mould The action of malate was attributed mainly to its 
effect on ammonia assimilation and its action on the pH drift m the medium 
was regarded os secondary Growth on unsupplemented amraoiuum sulphate 
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media was negligible and small concentrations of malate, or certam other 
2- to 5-carbon acids, greatly stimulated growth of M verrueana under con- 
ditions where the pH drift was not significantly affected The behaviour of 
P gladioli IS not considered to be parallel, smce growth, which is qmte vigorous 



0 4 8 ^ 12 16 20 

Dayi 



Fig 4 Effect of nitrogen source on pH drift in cultures of Penictlhum gladioli (a) 2 5% 
glucose, (b) 10 0% glucose (x, KNO„ O, NH,NO„ A, □, ammonium 

tartrate, +, (NHj)j S 04 + malate ) 

on unsupplemented ammomum sulphate media, is not affected, malate only 
affects production of gladiolic acid considerably m concentrations markedly 
affecting the pH drift and the effect of malate can be explained entirely by its 
effect on pH drift 

We conclude that the mam factor influencing gladiolic acid production and 
accumulation m cultures of P gladioli is the pH drift of the medium Gladiolic 
acid accumulation is not favoured by a continued low level of pH; it is favoured 
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by on upward drift of pH, but once the pH drift of the medium reaches a level 
above pH 6 0 the gladiolic aad la progressively destroyed The gigniflcance of 
these rations is discussed below in connexion with the toxicity and stabihty 
of gladiohc acid 



5, BlZeot of malftto lUpplemeaU on pH ddft in cuhum of PtnieGUvm gladioli on an 
ammonium culpbaU medhim. (x,Domaiat« A OK>S%malAt«; O 0 - 01 %(Q 0'2£% 
+ 0 5% A 1-0%-) 


Table 4 Effect of maZofe supplemenle \n on ommonfum eulpJuite medium on 
development of fhnpeiaiie actvniy (b^ umte/mf.) tn Penidllium gladioli 
cvUuret 


Daya* grorwth 


Malic add 
(%Wv) 

*4 

8 

18 

BJL, nnKs/ml. 

16 

10 

i 

8 

8 

__ 

8 

0-06 

8 

6 

18 

8 

13 

0*1 

34 

24 

24 

16 

34 

025 

10 

103 

108 

66 

64 

0-6 

34 

66 

06 

48 

84 

1-0 

13 

66 

83 

24 

IS 


diy Trt. of 
myo^him 
(g^colturt) 


2-0 

2-0 

3-0 

21 

83 

8-0 


JSfriroehon and puryfieatxon of glaixolxc acid 
Samples of a filtrate from Baulin Thom cultures, of final pH 4 4 and activity 
of 48 B Ji , unita/ml. were extracted with n hutanol (2x02 voh) chloroform 
(8x0 Ivol ) ether (2 X 0*2 voL)andllght petroleum (b p 40 —60®) (8x0 1 vol ) 
Of the?e solvents chloroform was the most effective, but not more than 60 % of 
the activity was removed. Treatment with activated charcoal 
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Houses Ltd ) at 5 g /I removed all aetivity The aetive material eould be 
reeovered from the charcoal by elution with acetone, ether, methanol, ethanol 
or ehloroform Aeetone was the most effective m that relatively small volumes 
were needed, but it also removed considerable quantities of pigment which 
made further purification more difficult Ether was chosen as eluent, it was 
almost as effective as acetone and did not extract appreciable quantities of 
pigment Elution was most satisfactory m a GaUenkamp Universal Extractor, 
m which it was consistently more rapid than in the usual Soxhlet extractor 
(cf the elution of glutmosm from charcoal, Brian, et al 1947) On evaporation 
of the ethereal eluate a yellow pasty mass was obtained, from which pure 
gladiolic acid, in the form of long, colourless, silky needles, was obtained by 
several recrystaUizations from water 

The pH of extraction is important A Raulm-Thom culture filtrate, assaymg 
at 82 B A imits/ml , was divided and samples adjusted to pH 2 0, 8 0, 4 0 and 
5 4 before treatment with charcoal Yields were respectively 0, 188, 154 and 
86 mg /I Better extraction at pH 8 0 or 4 0 than at 5 4 could be expected, but 
the failure of extraction at pH 2 0 cannot at present be explamed For routme 
production purposes aU culture filtrates are now adjusted to pH 4 0 before 
extraction 

With Raulin-Thom medium (7 5% glucose) yields ranged from 150 to 
850 mg /I , with Czapek-Dox (7 5 % glucose) from 150 to 200 mg /I , with 
medium AN (7 5 % glucose) from 100 to 250 mg /I Yields of the order of , 
800 mg /I can now be consistently obtained on Raulm-Thom medium (7 5 % 
glucose) of mitial pH 5 0 


Biological activity of gladiolic acid 

Fungistatic activity The least concentration of gladiolic acid required to 
produce 95-100 % inhibition of germmation of spores of a number of fungi in 
Czapek-Dox medium at pH 8 5 is given in Table 5 There is a wide difference 
in susceptibility among the fungi tested, the lethal dose varying from 0 9/ig /ml 
for Fusarium gramnieamm to 250 0/ig /ml for Tnchoderma mnde 


Table 5 Fungistatic activity of gladiolic acid at pH 8 5 



Least 


Least 


inbibitmg 


inhibiting 


concentration 


concentration 

Fungus ^ 

) 

Fungus 

(/ig /ml ) 

Absidta glauca Hagem 

1 9 

, Pemnllittm digitatum Sacc 

16 0 

Aspergillus flavits Link 

125 0 

P expansum Lmk 

3 9 

A niger \*an Tiegh 

125 0 

P gladioli McCuU <L Thom 

78 

Bolryiis allii Munn 

7 8 

P janczewslm Zal 

1 9 

Bi/ssoehlamys ftilva Ollii er 

1 0 

P notalum Westbng 

8 9 

A Smith 


Stempliylium sp 

02 5 

Cephalosportum longisponimPetch 15 0 

Thammdium elegans Link 

02 5 

Fusanum caentleum (Lib ) Sacc 3 0 

Tnchoderma mnde Pers e\. 

250 0 

F grannnearum Schwubc 

0 9 

Fnes 


Myrotheaum vemieana (Alb 

02 5 

Tncholhecium roseum Link 

250 0 

A Scbiv ) Ditm cx Fncs 


Verticillium alboatnim Rcinkc 


Mucor erectus Bam 

7'8 

A- Berth 

78 
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The ftmgistetlc activity of giodiolic acid vanes with the pH of the solution, 
as is usually the case with weak aads. In Table 7, the fungistatic activity of 
a 0 2 % solution of gladiolic acid at pH 8 0 is fil2 B A units/ml falling to onlj 
2 B ju uniUymL at pH 7 0 These results are best explained on the assumption 
that it IS only the hpld-soluble undissociated gladiohc acid molecules which 
penetrate the plasma membrane of the spore. 

It will be noted that gladiohc acid is quite tone to P gladuAi at pH 8 5 
This suggests an explanation of the increased gladiohc acid production m 
cultures with a rising pH if the pH remained level near pH 4 0 a concentration 
of gladiohc acid toxic to P gladtolt (c 10 mg /L) would very soon be reached, 
but with a rising pH mcreased dissociation of gladiohc acid molecules allows 
the accumulation of much higher concentrations (greater than 800 mg (I ) 
without any undue autotoxic effect, 

AnUbacUrial aeiwxiy When mdudec( m broth at pH 7 0 gladiohc acid exerts 
little bacteriostatic effect. Growth of Siapkylococcus aureus (two etrau«) 
Salmondlati/pki Badenumlaeitsa£rogent3,B mhitlis B brevts EichertchiacoU 
and Afierococcuj lyaodnkhcut were not inhibited by 600/ig {vdL gladiohc acid 
The other strains of S aureut were inhibited at 260/^g /mh 

Nevertheless, imder certain conations, gladiohc aad is markedly bactcncidah 
S aitreua (N R R L 818) Salmonella iyphi (N C T C 786) and Each coh 
(N C.T C 419) were suspended at 20®, m broth adjusted to pH 4 0 and 7 0 and 
m citnc acid phosphate buifers at pH 4*0 ahd 7 0 containing m each case 
gladiohc acid at 10 and lOO/zg /mt Loopfbls wwe taken out after 6, 12 18 
24 80 45 and 60 mm and streaked on nutnent agar There was no hactancidal 
effect with either concentration of gladiohc acid m broth at either pH The 
tunes taken for 100 /ml gladiolic acid to produce a complete, or virtually 
complete, kill m buffer at pH 4 0 were Staplu aureus 18 min., Salmonella iyphi 
12 mm. Esefu eoh 18 mm. In buffer at pH 7 0 the corresponding tune* were 
Staph aureus > 60 mm S lypk% 18 min. Esch coh 45 mm. Gladiolic acid at 
10/»g /ml m buffer at pH 4 0 caused some kill of S typht m 60 rmm but did 
not affect the other organisms at pH 7 0 this concentration had no effect on 
any of the organisms Thus the antibactenal effect of giodioUc acid is related 
to pH, as was the antifungal effect, and its antibactenal activitj is reduced by 
some constituent of broth (see below) 


SiabUiiy of gladwlic acid solutions fn relaiton to pH 

Gladiolic aad solutions (0 2%) In Wemdling and Cxapek Dox media at 
pH 8 0 6H} 7 0 and 8-0 were assayed after vanous heat treatments AH solu 
hons were readjusted to pH 8 5 before assay The results presented in Table 6 
Indicate (o) that in either medium at pH 8 0 gladiohc acid is relatively stable, 
(6) that m Wemdling medium at pH 6 0 or above gladiohc acid is rapidly 
inactivated even m the cold, but (c) that in Czapek Dox it is much more stable 
and even at pH 8 0 severe heat treatment is necessary to produce any coo 
sidcrable loss m activity 

In the Wemdling me^um loss m activity is associated with the formation of 
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a green precipitate, it was recorded previously (Brian et al 1946) that gladiohc 
acid gives a green colour when treated with ammonia, and it therefore seemed 
probable that the inactivation of gladiohc acid m Wemdimg was due to 
reaction with ammomum tartrate Czapek-Dox contains no ammomum salts, 
nitrogen bemg supphed as nitrate. 


Table 6 Effect of heat treatments on fungistatic activity 
of gladiohc acid solutions 


Boiled under reflux 


(nun ) Autoclaved at 120° (min ) 


pH of 
solution 

80 

treatment 

r”“" 

5 

15 

60 10 

B.A umts/ml 

* 

20 

80 

60 

/ " 

255 

(a) In Czapek-Dox medium 
192 192 256 256 

192 

128 

128 

5 0 

256 

192 

256 

192 

192 

192 

128 

82 

70 

256 

192 

128 

96 

64 

64 

4 

' 4 

80 

256 

64 

64 

64 

82 

82 

2 

2 

80 

192 

(6) In Wemdimg 
192 128 192 

medium 

192 

192 

128 

128 

50 

8 

6 

6 

8 

2 

4 

4 

4 

7 0 

— 

— 

— 

— 

— 

— 

— 

— 

80 

— 

— 

— 

— 

— 

— 

— 

— 


Table 7 Activity of 0 2% gladiohc acid solutions in Czapek-Dox (a) assayed after 
readjustment to pH 8 5, (6) assayed at pH of solution 


Days stored at 25° 


pH of 
solution 

1 

0 

1 

- A 

2 

B.A units/mL 

X 

8 

8 

i 







(a) Assayed at pH 8 5 



30 

250 

192 

192 

256 

102 

40 

256 

192 

128 

192 

256 

50 

256 

128 

192 

128 

102 

00 

250 

192 

192 

192 

102 

7 0 

250 

128 

192 

256 

192 

80 

250 

128 

128 

192 

192 



(6) Assaj ed at pH of solution 



80 

512 

256 

512 

512 

512 

40 

96 

96 

128 

128 

96 

5 0 

16 

10 

16 

16 

16 

60 

2 

2 

2 

2 

2 

70 

2 

2 

2 

2 

2 

80 

— 

— 

2 

2 

— 


At phj-siological temperatures gladiohc acid is very stable m Czapek-Dox 
between pH 3 0 and 8 0 (Table 7) Similar experiments mdicated that at 
pH 3 5 or below it is quite stable m Wemdimg medium Table 7 also shows that 
the activity* of gladiohc acid is dependent on the pH of the solution 
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ImcUvatton ofgladtohc acid by ammonium salic and om^no-adds 
Ammomum talU The suspected role of aramoBium salts in the inactivation 
of giadiolic acid in Weindling medium was confirmed and the inactivation 
studied bv periodical assays of mixtures of gladiolic acid and ammomum 
chlonde m Mcllvaine's citnc acid phosphate buffer (Table 8) It wiU be seen 
that (a) the inactivation is dependent on pH, proceeding at pH 6 0 and even 
more rapidly at pH 7 0 but not at pH 8 8 (5) the process is relatively slow at 

Table 8 Fungistatic activity of mixtures of gladiolic acid and ammonium 
cWonde in Mdlvaine $ buffer <n reJaium to pH 


Compodtkm of mixture 



Days stored at 26 


assayed 



, — 


— k 


» 


0 

1 

4 

GladiollQ add 

NH^a 



Bx.. nnlts/mL 


(K) 

(«) 

pH 

« — 


— * 

(HXU 

— 

88 


24 

82 



0-1 

88 

— 

— 

— 

IHMI 

0-1 

88 

24 

82 

82 

0-001 

CH)l 

88 

82 

82 

82 

0-001 

0-001 

88 

24 

82 

82 

(KOI 



6-0 

82 

24 

84 

.i— 

O-l 

S-O 

__ 

— 


OOOl 

01 

6-0 

16 

8 

— 

O-OOl 

OOl 

6-0 

10 

6 

8 

OOOl 

0-001 

6-0 

88 

24 

16 

0-001 


7-0 

24 

34 

24 

— 

01 

7-0 

— 

.... 

— 

(MOl 

0-1 

7-0 

16 

— 

— 

(MOl 

0-01 

7-0 

24 

— 



0-001 

CKOl 

7-0 

16 

12 

6 


the temperature chosen (25*) and (c) even at the most favourable pH level an 
excess of ammonium chlonde molecules is needed to produce complete inactiva 
tion though activity drops to 25% of the original where ammonium chlonde 
and gladiohc acid are present in cquimolecular proportions In all cases where 
appreciable inactivation took place yellow or green colours devdoped m the 
solutions 

Amino-cctds In their studies on glyoxalase, Hakm &, Dudlev (1918 1914) 
recorded a reaction between phenyl glyoxal and ammonia, givmg coloured 
products and between phenyl glyoxal and certain amino-ocids notably bistidme, 
arginine, omithme and lysine, to give sparingly soluble yellow substances 
Accordingly, m view of the structural relationship between gladiolic add and 
phenyl glyoxal, the activity of gladiolic acid m the presence of certam amino- 
acids has been studied (Table 9) Several ammo-acids inactivated gladiobc 
acid the most effective, m descending order bemg p-ammobcnxoic add, 
histidine tryptophan argmme and glycine. In all cases where marked inactiva 
tion took place yellow or green colours were produced p Ammobenxoio acid 
was outstanding, produemg immediate and complete inactivation when mixed 
In cquimolecular proportions with gladiolic aad, it did not completely 
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inactivate when present in less than equimolecular proportions p-Amino- 
benzenesulphonamide was equally effective, anthranilic (o-aminobenzoic acid) 
was somewhat less effective and the results were complicated by the marked 
fungistatic activity of this compound 

Table 9 Fungisiaiic aciimty of mixtures of gladiolw and vanous amino-acids in 
Czapek-Dox (pH 3 5), assayed immediately and after 24 hr storage at 25° 

The 0 001 M gladiohc acid alone showed an activity of 10 b a units/ml , none of the ammo- 
acids alone showed fungistatic activity at 0 01 m, neither did they stimulate 


0 001 M gladiohc 0 001 m gladiohc 

acid+OOlM acid+OOOlM 

ammo-acid amino acid 


Ammo acid 

0 hr 

B A 

24 hr 
umts/ml 

0 hr 

B A 

24 hr 
units/ml 

A 

DL-Alamne 

16 

10 

16 

12 

p-Ammobenzoic acid 

— 

— 

— 

— 

n-Argmine hydroctilonde 

8 

2 

16 

12 

L-Asparagine 

16 

10 

24 

10 

L-Aspartic acid 

12 

6 

24 

8 

L-Cj Stine 

12 

12 

16 

10 

L-Glutaimc acid 

12 

4 

16 

10 

Glycme 

8 

4 

12 

12 

L-Histidme hydrochlonde 

— 

— 

12 

4 

L-Leucine 

16 

10 

10 

24 

L-Phenylalanine 

16 

10 

16 

10 

L-Prolme 

10 

8 

10 

10 

L-Trvptophan 

8 

— 

12 

0 

L-TjTOSine 

12 

8 

10 

10 


Discussion 




The inactivation of gladiohc acid by ammonium salts and amino-acids may 
be of significance in explaining the disappearance of gladiohc acid from cultures 
of P .gladwh V hen the pH rises above 0 0 and the mechanism of the antifungal 
action of gladiohc acid 

Cultures of P gladioli produce gladiohc acid most abundantly m circum- 
stances V here, after an initial fall, there is a rising trend in pH, but that after 
pH G 0 or thereabouts is reached gladiohc acid rapidly disappears As has been 
shown, gladiohc acid is intrinsically stable under such conditions, but also does 
react with ammonium salts at that pH, forming an insoluble inactive com- 
pound Ammomum salts are normally present in cultures after several days’ 
incubation, ev en if nitrogen is originally supplied as nitrate, so there is every 
opportumtj' for this kind of reaction to occur, m fact dark green precipitates, 
similar in appearance to those produced by reaction of ammonium salts with 
gladiohc acid, werepbsen ed in cultures, particularly frequently when nitrogen 
was supplied as ammomum nitrate 

The inactn ation of gladiohc acid by certain amino-acids, notably p-ammo- 
bcnroic acid, histidine and trjqitophan, suggests that its mode of action may 
be concerned w ith immobilization of such ammo-acids m the fimgal cell This 
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possibility will be mTcstigatcd It i* not suggested that the inactivation of 
glodiolic acids by amlno-acids is m any strict sense specific it is highly probable 
that many aromatic amines would have a similar effect. 

We wish to thank Miss Valerie Spence, Mr G W Bison and Mr 0. H, Unwin for 
modi valuable assistance In this invesUgadon. 
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THE SOCIETY FOR GENERAL MICROBIOLOGY 

The Soaety for General Microbiology held its meeting in the Lecture Theatre 
of the Departments of Biochemistry and Physiology the Dmoersity Museuph 
Oiford which consisted of (a) a Symposium on *Amino-aeids tn the Economy 
of Micrehorgamsms' on Friday 19 September 1947 and (b) reading of original 
papers on Saturday, 20 September 1947 The foUowing cornmumcatioTu were 
made 

COMMUNICATIONS 

AMINO ACIDS IN THE ECONOMY OF MICRO ORGANISMS 

Introdactory Snrvey By D D Woods 
The mam object of this Symposmm is to discuss in a broad way the part 
played by ammo-acids in the life of the cdl rather than to describe m full detail 
the many interesting chemical reactions mvolved For convenience only the 
mam functions of ammo-ocids may be divided mto two mam types (a) processes 
involving direct utilitatioa for the synthesis of new cell material (6) processes 
involving breakdown of ammo-acids. 

Anabolic processes 

The Ugh rate of reproduction of many micro-organisms implies rapid and 
massive synthesis of new cdl material Some of this is protem wUch is in turn 
built up from ammo-acids Wc shall consider first therefore the source of the 
ammo-acids They must either (a) be provided m the growth medium as. such 
or as compounds from which the organism can liberate the amino acids (e.g 
peptides protem) or (6) be synthcsiied by the organisms themselves from 
simpler compounds The ability to synthesise the ammo-acids required vanes 
greatly from one group of micro-oiganisms to another and even within the 
same species and these substances often appear as essential growth factors 
Practical use is mode of this in the microbiological assay methods which have 
been developed for the quantitative determination of ammo-acids When 
ammo-ecids have to be provided preformed, the mechanism of their ossimila 
tion by the cell becomes of importance. 

When a number of difTerent specie# or a number of mutants (natural or 
induced) of the same species require a given amino-acid preformed it is 
possible that the chain of reactions by which the synthesis is achieved has 
faded at different stages with the different orgamsma. Important information 
as to the detailed chemistry of the synthesis of several amino-acids has 
followed from such studies, which have further significance in that they have 
also led to progress m defining genetic changes in biochemical terms. 

In so far as studied bacteria seem to be capable of synthesizing protein if the 
amino-acidB are available or can be synthesized More elaborate molecules 


cum 
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such as peptides may be essential for certain Protozoa The groivth of certain 
haemolytic streptococci and lactobacdli is, however, stimulated greatly by 
‘strepogenm’ which appears to be a peptide This is a new and promismg field 
m growth-factor research 

Catabolic processes 

The aerobic or anaerobic decomposition of aimno-acids may have several 
functions m cell economy Among such functions are (c) the provision of 
energy for couphng to the S5mthetic processes of the cell, (b) the production of 
mtrogen-free mtermediates for use m the synthesis of non-mtrogenous cell 
constituents, (c) the production (by deamination) of ammoma which may be 
used as primary nitrogen source for the synthesis of other nitrogenous com- 
pounds, (d) possibly as a mechanism for controlhng hydro^en-ion concentra- 
tion m the environment Some of the enzymes concerned m ammo-acid 
decomposition are adaptive m nature 

Interrelationships with the economy of other organisms 

(1) Other micro-organisms Here ammo-acids may play a part m widely 
differmg ways First, life m mixed culture may depend on the synthesis by 
some organisms of the ammo-acids required as growth factors by others 
Secondly, ammo-acids or derivatives are involved m the constitution of several 
antibiotics (e g gramicidm, pemciUm) Thirdly, ammo-acids are implicated m 
the absorption of bacteriophage by the host bacterium 

(2) With higher organisms Some bacterial toxms (e g Cl botuhnum) have 
been shown to be protems, though so far nothing abnormal has been detected 
m their ammo-acid composition In the field of immunology, a notable 
example is the capsular antigen of B anthraeis, here specificity is conferred by 
the capsular polypeptide, which is built up entirely from d-glutamic acid imits 


Biosynthesis of Ammo-acids By ANDHi: Lwoff 
This summary is restricted to some points concemmg ammo-acid synthesis 

Synthesis of the ammo group 

(a) Some free-hvmg and some symbiotic bacteria are able to reduce 
elementary mtrogen It is generally assumed that one of the primary products 
IS nitrogen hydrate which may be oxided to hypomtrous acid or be reduced 
to hydroxj lamine ^Mien molecular mtrogen enriched with is furnished to 
Azotohacier nnelandt, the highest level of m the ammo fraction appears in 
glutamic acid fraction, the next m aspartic acid fraction 

{b) Alany bacteria are able to utilize NOJ as nitrogen source, that is to say, 
to reduce NO3 to NH3 The second step is the conversion of nitrous acid mto 
ammonia, ivith perhaps the formation of hydroxylamme as intermediary step 
(c) Many micro-organisms are unable to utilize N,* or NO^ as mtrogen 
• source and need NH3 as nitrogen source 
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Synihesu of iemxrry pari 

Photosynthetic and chemosynthetic bacteria are able to reduce CO* to 
(CHjO) Some of the building blocks of ammo acids are synthesized directly 
from CO* and (CH|0), some others presumably from the degradation product 
of intermediary carbohydrates and specially ^ra pyruvic acid No data are 
available on the relative importance of the two phenomena during bacterial 
growth. Pyruvic acid may also be formed by a reaction between formate and 
acctylphosphate 

The fact that pyridoxal phosphate is the coenivme of ammo acid decarb- 
oxylases raises the question of revertibilitv of the decorboxvlation and of the 
possible role of vitaram B, m the carboi^latiOD processes and m some ammo- 
ocid synthesis The importance of CO* for bacterial growth is weD known. Low 
CO, tension decreases the growth rate. This decrease is compensated by C, or 
Cg dicarboryhe ocida They do not act m the absence of CO, but yeast extract 
and bacterial lysates are potent. Thus CO, plays a fundamental part m bacterial 
growth for the synthesis of essential hetcrocarboxylic metabolites 

The decarboxylation of pyruvate into phosphoacetate requires inorgamc 
phosphate and diphosphothiaraine. The importance of phosphorylation m the 
reverse process seems certain. It seems also probable rimt phosphorylation is 
necessary for the carboxylation of pyruvate to oxaloacetate 

It IS possible to compensate partially the effect of low CO, tension for the 
growth of LaeiobactUus with vitamin B, and with a sufficient pressure of CO, 
to suppress aspartic acich necessary with low CO, pressures Pyndoxal is 
perhaps one of the coenzymes of carboxylhtion which seems m some cases the 
last step of the ammo synthesis e,g m the reaction phenylcthylamme -*• 
pbenylalonme, 

Amtnatlon 

The majority of microbes ore ablfe to utilize NH, as sole nitrogen source This 
ability may be seriously diminished or lost as a consequence of mutations It 
seems that the most common way b> which NH, enters m the metabolism is 
the ammation under the influence of specific sminaMS e,g 
(aspartase) fumarate-pNH, aspartate. 

In the presence of specific (dejaminase (or (de)hydrogenase) a ketoglutanc 
acid may be aminated yielding an immo acid which is hydrogenated to 
glutamic acid the coenzyme is coenzyme IL 

In the same way aspartic acid is formed from oxaloacetic acid and NH, 
Under the influence of asparbo acid deaminase. It is important to note that an 
excess of aspartic acid decreases the need of biotm for loctobacillus and vice 
■verso. On the other biotm is important for yeast in tlie ammonia 

assimilation. 

Glutamic and aspartic acids are able to be amidatcd to glutamine or 
asparagine and act as reserves of — ^NH, groups \Vhen Closindium cyUndro 
tporum oxidizes unc acid m the presence of labelled CO,, the labelled carbon 
IS found in the CH, and the COOH groups of acetic acid, and only m the 
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of glycme. Thus the synthesis of glycine is not, or not always, a mere ammation 
of acetic acid This is consistent with this hypothesis that COg and NH 3 could 
react to give cyamc acid, the combmation of formaldehyde and cyamc acid 
and subsequent reduction yielding glycme Cyanic acid is perhaps important 
in ammo-acid synthesis 

Transamination 

Glutamic acid is the NHj donor for transaminatmg reactions 

glutamate -foxaloacetate^a-ketoglutarate + aspartate, 
glutamate -f pyruvate ^ a-ketoglutarate -f- alanme 

Specific apoenzymes and pyndoxamine- or pyndoxal-phosphate (or 
pyndoxal+ATP) are necessary 

Glutamic acid acts as — NHj donor, aminatmg pyndoxal mto pyndoxanune 
which then transfers its ammo group to a keto-acid Vitamm Bg has been found 
necessary for the metabohc conversion of anthramhc acid and indole mto 
tryptophane {Lactobacillus arabinosus) and also for the synthesis of lysme and 
tlireonme and seem therefore to be a fundamental coenzyme m the S 3 Tithesis 
of many amino-acids 

Synthesis of sulfhydryl group and of sulfhydrylated amino-acids 

Evidence so far obtamed mdicates foUowmg steps m biosynthesis of cysteme 
and methionine 

SO 7 -> SOj -»• S “ — X SH -*■ cysteme ->■ cystathionme ->• homocysteme ->■ methiomne 
t t t 

X s6rme homos 6 nne 


Assimilation of Amino-acids by Bacteria By E F Gaih 

The proteins of bactena resemble those of other tissues in bemg composed of 
some twentj^-one ammo-acids which must, consequently, either be synthesized 
or assimilated readj'^-made by the organisms concerned Some bactena are 
able to sjTithesize all their ammo-acid requirements, while others have lost 
this ability and consequently are dependent upon the assimilation of some 
amino-acids from the external environment Studies of the assimilatory 
processes have shomi that Gram-positive bactena not only assimilate certain 
amino-acids from the environment but also concentrate them m the free state 
in the internal emnronment pnor to metabolism 

Considenng first the assimilatory process an ammo-acid may pass across the 
cell-n all either by diffusion or as a result of an active process on the part of the 
cell L} sine, a positive ion under physiological conditions, appears to cross the 
cell -vail by diffusion, and the amount which concentrates within the cell is 
determined b\ the negatue charge wnthm the cell The passage of glutamic 
acid across the cell-wall reqmrcs energy vhich can be supplied by some 
exergomc metabolism such as glycoljsis The two processes can be clearly 
differentiated m the following wajs 
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(1) Lysine enters the cell m the absence of any other substrate glutamic 
acid will only enter if a source of energy such as glucose is also supphed* 

(2) If the rate of entry into the cell is studied at varying external concentra 
tions then lysme is found to enter at a rate whic|i is proportional to the 
external concentration, while the rate at which glutamic acid enters the cell 
vanes with tlie external concentration in a manner suggestmg the variation of 
an enzyme reaction with substrate concentration. 

(8) T^e temperature coefficient of the rate of lysme entry is the same as that 
for free diffusion of lysme, that for glutamic aad is markedly higher than for 
free diffusion. 

The power to assimilate and concentrate free amino-aads appears to be 
restneted to Gram positive speaea, although there may be wide differences m 
the degree of concentration achieved in the cells of different organisms There 
are wide differences also m the assimilation affinities of different species Of the 
organisms studied so far Staph aureua has the greatest affinity for and 
capacity to concentrate, glutamic acid. The concentration withm the mtemal 
environment is dependent upon the intact nature of the cell wall, smee lysis of 
the wall with tyrocidm or other detergent substances results m the rdcase of 
the ammo-acidi, but not of proteins from the mtemal environment. 

The level of free ommo-ocid attamed withm the cell Is detemuned by the 
balance between the rate at which the armno*Bcid is assimilated from the 
external environment and the rate at which it is metabolized within the celL 
Consequently, anything which mterferes with the asshmlatory process but not 
with the mtemal metabolism wUl lead to a fall m the internal level, e g 
penicilhn and glycolysis inhibitors act in this way Conversely after the 
addition of any substance which inhibits the internal metabolism without 
affecting assimilation, the mtemal level will nso to a saturation levd. Studies 
of the mtemal metabolism have shown that glutamic acid concentrated withm 
the cell acts as a source of that amino-acid for (c) condensation mto protem m 
the growing cell and (6) some other form of metabolism which is possibly 
transamination and which is inhibited by dyes of the tnphenylmethane senes 
The rate of assimilation of glutamic acid from the external medium appears to 
be constant throughout the period of growth the rate of condensation of the 
internal glutamic acid mto protem is greatest during the early phases of growth 
and ceases when active cell division ceases the rate of the dye-inhibited 
metabolism is greatest towards the end of the growth penod, fallmg rapidly to 
zero after the cessation of grow t h. 

The Gram positive cell thus appears to have evolved a speciahzed cell wall 
which, by oilowmg the internal concentration of ammo-acids pnor to their 
metabolism compensates for the loss of synthetic abihtics by the cell. ^Vhethe^ 
the Gram negative cell accomplishes synthesis of nmino-acids on the outside of 
the cell wall and then assimilates the synthesized ammo-adds, or whether it 
possesses completely different anabolic mechanisms is not known. It is, how 
ever certam that the Gram negative cell cannot effect an internal concentration 
of lysme or glutamic acid. f 
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Peptides By R H Nemmo Smith 

In 1941 WooUey (see Sprmce & Woolley, 1945) found that group A haemolytic 
streptococci would not grow at all on a synthetic medium, and group D 
orgamsms only after a prolonged lag period, unless concentrates of a factor or 
factors were added The factor was later named strepogemn It is required for 
optimal growth by a number of organisms, but the effect is only seen with 
a small moculum and in the early stages of incubation It can be liberated 
from highly purified protems by tiypsm, and its properties suggest that it is 
a peptide contammg glutamic acid Serylglycyl glutamic acid has strepogemn 
activity for L casei Further evidence for a relationship between this tn- 
peptide and strepogenm is provided m an mteresting way The tomato-wiltmg 
agent of the pathogemc fungus Ftisanum lycopersici (lycomarasmin) is a 
peptide contammg asparbc acid Preparations of this toxm inhibit the growth 
of L easel, both this mhibition and the toxicity m the tomato leaf are reversed 
by strepogenm The toxic effects of natural lycomarasmin are imitated by 
serylglycyl asparfac acid and are reversed by both strepogenm and serylglycyl 
glutamic acid 

In spite of its wide distribution little is known of the metabolism of gluta- 
thione m micro-orgamsms Gould (1944), however, has shown that strams of 
N gonorrhoeae which have been subcultured daily for some weeks on a medium 
contammg meat infusion develop a requiifement for glutathione, although on 
first isolation they grew' well in its absence He also obtamed evidence that 
such strams could be trained to dispense agam with the factor Isoglutathione 
and asparthione could replace glutathione to a certain extent Cysteine, 
however, showed an inhibition which was reversed m a competitive manner by 
glutathione 

p-Aminobenzoic acid (p-AB) is mvolved m peptide linkage \vith glutamic 
acid m several mterestmg compounds For one strain of Sbm plantarum which 
requires p-AB for growth, Auhagen (1942) found that p-aminobenzoyl 
glutamic acid was considerably more active as a sulphanilamide antagonist 
than p-AB This obseiwation, however, has not been confirmed with other 
orgamsms, moreover, there is evidence that in the absence of sulphamlamide 
the relative activities of the tv'o compounds are reversed 

p-Aminobenzoyl glutamic acid is also a moiety of the pteroylglutamic acid 
molecule (Angier et al 1946) This compound can replace natural ‘folic acid’ 
in those organisms for vhich the latter is a growth factor {e g L caset) An 
mterestmg possibdity is that it is the incorporation of p-AB into the folic acid 
molecule that is blocked competitively by the sulphonamides , support is lent 
to this hj’pothesis by the vork of Lampen & Jones (1946) These workers found 
that in a group of enterococci v hose grov'th was stimulated by PG, sulphon- 
amide inhibition vas antagomzed in a non -competitive vay by PG, and that 
the organisms uere highlj resistant to sulphonamides in the presence of PG 
at a concentration no higher than that vhicli gave grovth stimulation 

‘Conjugates’ of folic acid vith further glutamic acid residues have been 
isolated from natural sources The ‘fermentation L casei factor’, isolated from 
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the fermentatioE residue of an unidentified diphtheroid, contains m aU seven 
glutamic acid residues , eniymea exist m animal tissues and probably in some 
bacterial cells, which arc capable of liberating free fohe acid from this con 
jugate Such enzymes have been termed ‘conjugases* and, m view of the 
structure of the conjugate, are probably carboxypeptidases (Pfifiner et al 
1040) 

Another peptide of p AB, with ten or eleven glutamic aad residues and 
a third amino-add which boa not yet been identified, has been isolated from 
yeast by Ratner Blanchard & Green (1946) It is natural to conjecture some 
relationship between this compound and the fohe acid group but so far no 
clue has been obtamed to the biological role of this peptide, which accounts for 
20-80 % of the total p AB of yeast. It was not possible to show any growth 
promoting or anti-«ulphonamlde activity, except m so far as the test organism 
may have been able to liberate p AB by hydrolysis It is possible, however, 
that such a large molecule may not be able to enter the bacterial cell Suns Sc 
Totter (1947) have found that this peptide can inhibit, possibly competitively 
the liberation of fohe acid from its hexaglutamyl conjugate by the conjugases 
of rat hver and chicken pancreas 

The general properties of bacterial peptidases have been extensively studied 
(Johnson A, Berger 1942) and m »cv£nil cases correspond closely to those of 
animal origin. On the other hand bacteria differ firom other organisms m 
possessing peptidases whose optimum pH is in the acid range, iloreover 
many bacteria contain peptidases capable of rapid hydrolysis of d peptides 
Doyle (1948) has concluded that the protoxoon Didimum has lost the power of 
synthesizmg a necessary peptidase, which it now derives from its bvmg prey 
{ParoJUMum) 

Several antibiotics are of peptide nature a striking feature m this con 
nexion is the relatively large proportion of d amino-acids which they contain 
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Amino adds In the Physiology of Bacteriophage By Jacques SIonod 
During the post few years various types of effects have been reported where 
certain ammo-acids appear to play an important part either Imphage multiph 
cation within or m phage adsorption on a sensitive host, 

(1) Viruses T4 and TO were shown by T H. Anderson to require I trypto- 
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phane as a ‘co-factor’ for adsorption on the host, E coh B Z-Tryptophane 
activates the varus, not the host, and is required only for the adsorption, not 
for the multiphcataon of the phage Recent observations by Delbruck appear 
to show that mutations of viruses from ‘ co-factor dependences ’ to ‘ co-fector 
mdependence’ may occur 

(2) Another type of effect has been reeently observed, where an ammo- 
acid (/-leucme) although not required for the adsorption of the phage appears 
to be active m reducmg the length of the ‘latent phase’ of phage multiplica- 
tion, although the phage and the host will multiply m the absence of Meucme 
or any other ammo-acid 

(8) The third problem, which is the most complex as well as the most 
intngumg, has been raised by the discovery (E H Anderson, 1944, Elie 
WoUman, 1946) that single spontaneous mutations of bacteria may mvolve 
both a loss of sensitivity to certam phages, and a loss of the capacity to syn- 
thesize tryptophane, or prohne, or sometimes both compounds It was 
suggested by Anderson that these mutations affected an enzyme mvolved in 
the formation of a compound essential for the synthesis of tryptophane and 
for the synthesis of the specific ‘receptor substance’ responsible for phage 
adsorption 

Unfortunately, this simple and rather temptmg scheme breaks down when 
confronted ivith too many facts, that is to say, when complex mutations in- 
vohnng several characters are studied Luria suggests that a more likely 
mechamsm may be one by which several mutations at different loci could 
occur together, by a deeper change m some material centre carrymg the 
hereditary determmants It is suggested that this deeper change might 
consist of a deficiency brought about in a chromosome-like structure 

Results practically unmterpre table with Anderson’s scheme can be shown 
to fit rather well under that hypothesis 

For the time being each of these different ‘amino-acid effects’ constitutes 
a problem by itself Trymg to trace them all back to a common origm would be 
pure guess-w ork But it is hoped that considering them side by side may lead 
to an mterestmg discussion 


Biochemical Genetics of Amino-acids By G Pontecorvo 


ORIGINAL PAPERS 

Microbial Transformation of Hydrocarbons By Claude E ZoBell 

Bactena and allied micro-organisms which synthesize, oxidize, or otliernise 
modif} vanous kmds of hydrocarbons play an important role in the genesis or 
transformation of petroleum or its products 

Jinxed cultures of manne anaerobes growing in mud tend to convert the 
remams of plants and animals mto substances wluch arc more and more 
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hydrocarbon like This they do loy liberating nitrogen, oxygen sulphur, and 
phosphorus from organic compounds, thereby produemg compounds containing 
proportionately more hydrogen and carbon For example, the carbon content 
may be mcrcased from an initial value of 62 % to as high as 76 % and the 
hydrogen content mcrcased from on initial value of 6 % to as high os lO % 
after eight month’s mcubatiOD at 27® C,, while the mtrogen oxygen, sulphur 
and phosphorus content decreased proportionately 
The synthesis of hydrocarbons rangmg from to C*jH^ by pure cultures 
of Daulfovibrw has been demonstrated m a mineral salts solution enriched 
with n-eapne acid as the sole source of energy Lactic, caproic palmitic, and 
steanc acids have also been used m such experiments The yields of hydn> 
carbons have been very small (less than 0 1 % of the available carbon) The 
hydfocarbons were identified by chemical assay ultra violet absorption, mfra 
red absorption spectra, and by the microscopic examuiation of crystals 
Frchminary surveys mdicate that, vnth the exception of methane, hydro- 
carbons in mmute omoimts are produced bv very few micro-OTgauisras 
Methane is known to be produced m abundance by several anaerobic bacteria 
There arc aUo unconfirmed reports for the bacterial synthesis of ethane 
propane, benzene and toluene. We have demonstrated the formation of phenol 
and p-cresol from tyrosme and/or phenylalanine but no benzene or toluene 
Carotenoid and other unsaturated h>drocarbon pigment* are produced m 
small amoimts by certain boctena. 

Hydrocarbons are decomposed by a good many micro-organisms. More than 
a hundred species representing about thuty different genera have been shown 
to be able to attack one or more kinds of hydrocarbons This has been demon 
strated expcrunentally by various procedures, mcluding (a) multiplication m 
mmeral media containing HC’s as the only source of energy (6) oxygen con 
sumption and CO| production m similar media, (c) disappearance or modifica 
bon of HC 8, and (d) the formation of acids or other ractobohe producta. 

\Vhen HC s are dispersed m aqueous media by emulsification or on sohd 
surfaces, virtually all types of gaieous liquid and solid HCTs are susceptible to 
microbial modification In general, paraffinic or aliphatic compounds arc 
attacked more readily thmi homologous aromatic or naphthenic HC’s Un 
saturated compounds are attacked more readily than saturated HC s Provided 
the compounds are comparably dispersed, high molecular weight paraffins arc 
attacked more readily than short chains, and branched chom compounds are 
more susceptible to attack than normal or straight cham compounds. Thus 
Mo-octane is oxidized more rapidly by bacteria than n-octane. Aromatic and 
naphthemc HC s having side ehainn appear to be attacked more readily than 
»u^ar homologues without tide chains. 

ctroleum and Its products mcludmg illununating gas petroleum eth( 
mineral oil, lubncatmg oD petrolatum paraffin 'Wax( 

U and tars are attacked by raicro-organiains under favourable com 
*^t^ antiseptic* He s such as benzene toluene, xylene, naphthaler 

^ e, and related compounds may be destroyed by micro-organisms 
•o or marine mud. The bacterial destruction of carcinogcmc HC* may pro 
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to be of special interest The microbial destruction of the HC’s m both natural 
and several kinds of synthetic rubber has been demonstrated 
The prmcipal products resultmg from the microbial assimilation of HC’s are 
COo, water, cell substance, orgamc acids, esters of fatty acids, alcohols, and 
pigments Only the first three have been produced m abundance 

Besides producmg and assimilatmg HC’s, bacteria may contribute to the 
hberation or separation of petroleum from oil-bearmg sediments Laboratory 
investigations mdicate that they may do this (o) by dissolvmg calcareous and 
sulphate rocks, (b) by producmg CO™ which decreases the viscosity of oil, (c) by 
displacmg films of od physically, (d) by producmg gases which force oil out of 
micro-traps, and (e) by producing detergents or surface-active substances In 
one or more of these ways bacteria may have contributed to the migration and 
accumulation of crude oil m past geological ages and they may find important 
apphcations to mcrease the secondary recovery of oil from od-beanng forma- 
tions m the future. 


jP-Aminobenzoic Acid and Folic Acid Derivatives in Relation to Bacterial 
Growth and Sulphonamide Action By R H Nimmo Smith and 

D D Woods 

p-Ammobenzoic acid (p-AB) is an essential growth factor for many bactena 
If its only fimction is for the synthesis of folic acid (which contams a p-AB 
residue), it is possible that micro-organisms requirmg p-AB for growth would 
grow if proAuded directly with fohc acid Pteroylglutamic acid (a synthetic 
member of the fohc acid group) was found to replace p-AB for the growth of 
a selection of organisms requirmg the latter {Clostndtum acetobuiylicum, 
Aceiobader syboxydans 621, Streptobactenum plantarum spp , and an mduced 
mutant of Neurospora crassa) In all cases, however, the molar concentration 
of pteroylglutamic acid required was 10-100 tunes that of p-AB With a 
mutant Bad coh, Lampen, Roepke & Jones (1946) found this substance 
essentially mactive m replacmg p-AB Synthetic pteroic acid also replaced 
p-AB vnth the test orgamsms but agam larger quantities (2-10-fold) were 
required 

Pteroylglutamic acid behaved also as an anti-sulphonamide agent with all 
the above orgamsms With Cl aedobutyheum and the strams of Sirepto- 
badenum plantarum the antagonism vas non-competitive, the concentration 
sufficing to support growth domg so irrespective of the sulphonamide concen- 
tration It is therefore likel}’' that the mam action of the drug on these. 
organisms is to mliibit the sj-nthesis of folic acid from p-AB A similar conclu- 
sion vas reached by Lampen & Jones (1946) vath regard to several species of 
enterococci with vhich folic acid, though not essential, stimulated growth 

lA ith Acdobader suboxydans and the Neurospora mutant, pteroylglutamic 
acid antagomzed sulphonamides m a competitive manner AVith these 
orgamsms it appears that utilization for the synthesis of fohc acid may not be 
the onh function of p-AB, or that synthetic pteroylglutamic acid is not 
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identical with (or convertible to) the uatural folic acid of these organisms 
There has been evidence recently (c.g Halh 1947) that pteroylglutamic acid 
may not be identical with all natural non*con]Ugated raemberB of this group 
Pteroic acid gave competitive antagonism of sulphonnmide inhibition of all 
the test organisms except Cl acttobutyUcunu With the latter, antagonism was 
non-competitivc at concentrations of 10~* u sulphanilamide (or 10~* u 
sulphathiaiole) and above, but competitive at lower concentrations 
Under conditions m which multipUcatlon did not occur, and m the presence 
of^j AB, Sir^tobcdenuni planiarum synthesised folic acid as estimated by the 
growth response of L case* and SirepUfaecali$ IL The synthesis Is inhibited by 
Bulphanilanude, This technique is being used for more detailed studies of the 
conversion of ji AB to fohc odd 
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On Bacteria-llke, Gliding, FRamentoua Organisms By£ 6 FaiNOSitEiu 

The order Bactcna contains apart from the true Bacteria a number of groups 
the relationship of which u a matter of controversy for instance the Actmo 
mycetcs, the Mykobactena the Chlamydobactenaceae, the Beggiatoaceae the 
lilyxoboctena. Of these the Myrobacteno, and still more the Beggiatoaceae 
are to my mind closer to the Cyonophyceac than to the Eubocteria, owing to 
their gliding movement. 

In fact BeggMtoa is not the only colourless, ghding, filamentous organism, 
but the others are not so conspicuous because of their lesser site and by never 
being amassed In great numbers They are found as single threads or as small 
groups And bundles between other organisms However these, often very 
small microbes are by no means rare They have been found by me m Austria, 
m Bohemia, m Cambridgeshire and m Westmorland that is everywhere they 
have been looked for Bottom deposits in quiet waters with a moderate 
amoimt of decaying organic matter generally contain them They are asso- 
ciated with Cyanophyceae, iron bacteria, Beggiaioa and with various flagellates 
Some were found m cow dung Those species which were isolated in pure 
cultures Beggxaioa and others multiply on agar with protem derivatives and 
less well m solutions The growth on agar consists of more or less spirally 
arranged filaments and curls These organisms do not seem to have characteristic 
biochemical properties 

^Morphologically the filaments differ In width and length of the cells and in 
the kind of movement. Some of them arc similar to the thinner forms of 
Bcgguiioa where these occur m nature without sulphur droplets, apparently 
bring on organic compounds, and may m fact be related to them The narrowest 
species arc leas than 1 p. across, the thickest, apart from Beggiatoa, up to 2\p 
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wide The ratio length to width of the cells seems to have some relation to the 
land of movement and the bendmg of the threads The tendencies to form long 
filaments or only short hormogonia-hke cell rows are also very different. 

It will take some time to brmg some order mto this new group of httle knovm 
creatures Even m Beggmtoa, which has been the object of much physiological 
curiosity, the differentiation of the genus into species is quite arbitrary, 
specific names ha%Tng been given to size-groups characterized by a lower and 
an upper boundary m width 

These orgamsms are defimtely not Bacteria although they would be mistaken 
for such in dried and stamed preparations Their relationship to the Cyano- 
phyceae seems to be nearer than that to the Myxobactena but I am inclined to 
consider at least part of them as belongmg to a separate natural group Tlie 
reason is that the kind of locomotion m some of them is different from an3i:lung 
known m the Cyanophyceae, either by its celerity or by hmgelike bending at 
the cell boundaries 


Biochemical changes underlying the Assay of Nicotinic Acid, by Titration 
with Alkali of Cultures of Lactobacillus arabinosus. By Henry McIlwain 

and Douglas A Stanley 

The method of assay chosen for mvestigation was based on those of Snell & 
Wnght (1941), Krehl, Strong & Elvehjem (1948) and Barton-Wnght (1946) 
In the assay, L arabinosus 17/5 was grown for 3 days m several portions of 
media, some of which contamed mcotimc acid (from 15 to SOO^pmol /ml ) and 
others contained matenals being assayed After groivth, the quantities 
required of standard NaOH to restore the cultures to their original pH were 
determmed The relation between the quantities of mcotinic acid added and 
NaOH required in the several tubes, was to a large extent a linear one, with 
positive intercept on the NaOH-axis and, beyond c 200n{imo\ /ml , concave 
towards the mcotimc acid-axis NaOH-titres increased most rapidly during 
the first 2 days and after 8 daj'^s changed relatively httle 

We have investigated the relationship between mcotimc acid and NaOH- 
titre and give below our mterpretation of the following of its characters (1) the 
intercept, (2) the linear portion, and its slope, (3) the stability of the readings 
which give this slope, after a fimte time, (4) deviations from Imearity, (5) the 
greater regularity foimd in NaOH-titre than m mass of growth, a regularity 
favouring the assay method descnbed rather than a turbidimetric method 

Character (1) Circumstantial evidence supported the general opinion that 
this was due to the presence of mcotimc acid or its derivatives, m the basal 
medium or moculum 

Character (2) appeared due to a bactenal system in which a reaction of some 
20/imol /mg /hr m glucose was associated vuth one of some 0 1 m/imol /mg /lir 
m mcotimc acid or a derivative of it (cf McHwain, 1^465, 1947), the ratio 
between their rates being fairly constant though the absolute values of both 
could varj* considerably Character (2) was not due to a given quantity of 
mcotmic acid produemg only a given quantity of organisms which then died 
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or become generally enfeebled The quantity of organisms produced from 
a given quantity of nicotinic acid has been varied experimentally while NaOH 
titres remnmed constant, 

Charader (8) Although this ratio was mamtamed, the rates of both /xmol 
and m^imoL processes fell during assay and were very much lower on, the 4th 
than on the let day This was due to a specific deficiency mduced in the 
organisms during the assay by the m^imoh change. It could be made good by 
nicotimc acidi independently of growth. 

CharacUT (4) The deviation at higher mcotmic aad concentrations appeared 
due to much of the bacterial activity (m the sense of Blcllwain, 1946a) being 
brought about by cells during a tune when the pmoL reaction was not being 
limited by the m^imol change. 

Charader (6) follows ftora observations under (2) and (8) 
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Some Blolo^cal Properties of Penicillin n(G) and Penicillin IV(K) 

By J Unoab 

Apart from differences m the chemical structure of the trro pcnicfihns, they 
vary also in their biological activities Blicxo-organisras seem to be less 
susceptible to K than to G with the noticeable exception of strains of Staphyh 
coccus StiH more marked are the vonationa in behaviour of the two types of 
pemcillm when injected mto different animals (rabbits, guinea pigs and mice) 
We have confirmed that the curative effect of peniciUin K for mice infected 
with Streptococcus haemolytieus or Spxrochaeia recurrentis is about 25-BO % of 
that of pemcilhn G Rabbits mjected mtramuacularly with 20,000 umts of 
pemciUin show a lower peniciUln level m the blood which is also of shorter 
duration, after K than G Guinea pigs mjected intxamuscularly with 4000 
umts of pemciUin G show penicillin m the blood for 2 hr while with K no 
pcniciUm is detectable after 1 hr Peniallin K disappears even more qmcldy 
ffom the blood of mice Blicc mjected with 150 units of pemcillm G show 
blood Icvds up to 2 hr , whereas after injection of pemcillm K, hardly any 
penicillin is detectable after ^ hr 

PemciUin K is excreted in the urme of the animals mamly during the first 
2 hr and the total excreted m 24 hr is about 20-25 % of the mjeej^ amount, 
PemciUin G is known to be excreted m the unne over a penod. -10 lu:. and 
the total excreted in 24 hr is 60-75 % 
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We investigated the effect of blood serum from rabbits, gumea-pigs and 
mice The effects of extracts of macerated liver, kidney, lung and spleen 
(ground to a fuie pulp mth acid-washed silver sand m a porcelain mortar and 
extracted with water at 4° C for 2 hr ) were also studied Guinea-pig and 
mouse serum mactivated peniciUm K at a higher rate than pemcilhn G, the 
action of rabbit serum was less marked Liver (from all three species) gave 
extracts destructive of pemcdlm K, but less so of pemciUm G, extracts of 
other organs were much less active The gumea-pig liver-extract mvariably 
completely mactivated pemcilhn K m about 15 hr , while m the same period 
pemcdlm G vas only reduced to about half its original activity 




PeniciUin G 





Penicillin 

X 

K 

Extract 

i 

0 hr 

\ 

7 hr 15 hr 

1 

0 hr 

Yhr 

16 hr 


Umts present m 1 ml 

of extract 




Mouse Lver I 

SO 

50 

45 

60 

60 

20 

Mouse hver II 

50 

50 

45 

60 

60 

25 

Mouse serum 

50 

50 

53 

60 

20 

8 

Guinea-pig liver I 

SO 

45 

25 

60 

75 

Nil 

Guinea-pig hver II 

60 

45 

26 

60 

10 

Nil 

Gmnea-pig serum 

50 

45 

25 

60 

45 

20 

Babbit hver I 

50 

50 

80 

50 

60 

12 5 

Rabbit h^ er II 

60 

50 

40 

50 

60 

20 

Rabit serum 

60 

45 

20 

60 

20 

8 

Salme control 

50 

60 

60 

60 

60 

45 


I and II refer to averages of two expenments 


The pemcdlm assay was carried out by the ddution method using Staph 
aureus as a test organism 

B subiihs pemcdlmase completely inactivates both pemcdlm G and K The 
factor in the hver responsible for the inactivation of pemcilhn is heat labile 
(55° C for 80 mm ), is adsorbed on charcoal and is non-dialysable 

The evaluation of pemcdlm blood levels m rmce can be used as a crude 
method of differentiatmg batches of commercial pemcdlm with a high or low 
content of pemcdlm K, as seen m the table below 

Blood levels 


Mice mjected with 

15 nun 

80 mm 

1 hr 

IJhr 

2 liT 3 lir 

250 units of K 

0 125 

0 00 

— 

— 

— — 

230 units of K and G m equal parts 

2 

2 

0 25 

0 03 

— — 

250 units of G 

4 

4 

1 5 

0 25 

01 — 


So long as mixed pemcdlms are used therapeutically it is obviously advan- 
tageous to have a test to complement existing laboratory methods for evalua- 
tion of the therapeutic activity of commercial pemcdlm The estimation of the 
duration and titre of blood levels m small ammals (particularly mice), the effect 
of In er extract on pemcdlm, and the estabhshment of the curative effect in 
infected mice, can be used for this purpose 

The pemcdlms G and K were purified by our colleague, Dr E Lester Smith, 
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by the countercuiTent partihon method and by crystollizatioii of the organic 
base and sodium salts They assayed 98 % G and 99 % K respectively by paper 
strip chromatography (Goodall A. Lem 1946) 
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Factors affecting the Synthesis of Glutamic Add by Teast Cells 
By E S Taylor 

Inverti^tions on the amlno-acid composition of yeasts have shown that these 
cells contain rdatively large amounts of certam ammo-acids in the free state 
m the mternal environment (Freeland L Gale, 1947 Taylor, 1947) The 
concentration attained is to a certam extent dependent on the concentration 
of ammo-aads present m the growth medium but free ammo-aends ore found 
m the mternal environment when the cells are grown in a raednim devoid of 
amino acids, consequently the appearance of free ammo acids withm the 
internal environment can be used as a means of studying ammo-acid synthesis 
The yeast used for this work grows rapidly and in heavy crop m a medium 
contaimng amino-adds and effects a very high concentration of glutamic acid 
inside the cdls dunng such growth. If however, the cells arc meubated with 
glucose m a suitable salt mixture for 8-4 hr after harvesting this mternal 
glutamic acid is metabolized and the mternal concentratioti falls to a low level 
This method of producing cells with a low internal concentration of free 
glutamic acid is experimentally more convenient than the much slower method 
of growth in an ammo-acid free mednim 

If such depleted cells are meubated in salt mixture contaming glucose and 
ammonia then glutamic acid is synthesized and concentrates withm the cells 
omission of either glucose or ammonia stops the synthesis. If the cells are 
subjected to increased washing dunng the preliminary meubabon with, glucose 
then the synthesis becomes errabc and may cease altogether but can be 
restored by addition of the bios complex to the reoebon mixture. Analysis of 
the factors in bios needed for the synthesis shows that after a moderate degree 
of washmg panthothemc acid alone can replace the bios mixture, the other 
^tora having no stimulatory effect. The effect of the bios mixture can be 
largely antagonized by pantoyl taurine, and at this stage ammoma assimila 
tion and fermentation ore nomaah On more thorough washing it is found 
necessary to add biotm to the glucose ammonia and pantothenic acid 



XVI 


Proceedings of Geneial Microbiology 

before glutamic acid synthesis will occur The cells at this stage are unable to 
assimilate ammoma normally, and the action of biotin is to restore this ability 
as previously shown (Winder, Burk & du Vigneaud, 1944) Exhaustive washing 
of the cells leads to an impairment of the fermentation system v Inch can only 
be made good by addition of the remainder of the bios complex 

It appears that contmued washing of the cells results in the progressive 
removal of growth factors, enabling identification of the following steps 
essential to the mtracellular synthesis of glutamic acid 

(1) Glucose fermentation as the source of carbon and energy, requires the 
presence of glucose, mcotmic acid, aneunn and, possibly, pyridoxin and 
inositol 

(2) Assimilation of ammoma as the source of mtrogen, mvolves glucose 
fermentation and the presence of biotm 

(3) SjTithesis of free glutamic acid within the cell, requires pantothenic 
acid 

When the complete system is present, free glutamic acid is synthesized and 
concentrates withm the cell Analysis of free and combmed glutamic acid in 
the ceU shows that the early stages of synthesis are not accompanied by 
condensation of the glutamic acid mto peptides, but that this begms after 
about 2 hr under the experimental conditions used 
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DEMONSTRATIONS 

E G Pringsheui ‘ Bacteria-hke, ghdmg, filamentous orgamsms ’ 

R Barer ‘ Optical micro-dissecting apparatus, includmg a reflecting micro- 
scope, phase contrast microscopy, and 35 mm micro-cmematography ’ 



[The Ediiorf of the Joimml of General Microbiology accept no responttbUHy 
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THE SOCIETY FOR GENERAL MICROBIOLOGY 

The Society for General Microbiology held tie Sixth General Meeting {which was 
alto the Annual General Meeting) in the Bonnington Hotel, Souihampion Row 
London, TF C 1 The meeting consisted of (a) a Symposium on * Microbial 
Atsociation Sail, Water and Sewage' on Tuesday 28 March 1948, and (6) a 
reading of original pi^pert on Wednesday 24 March 1948 The foUomng com 
muntcaiiont were given 

COMMUNICATIONS 

MICROBIAL ASSOCIATION SOIL WATER AND SEWAGE 
Microbial aasoclatioii In soil By H. G TnoanTON 

Productioti of antibiotics In relation to the ecology of 
soil Inbxibltlng micro-organisms By P W Bbian 

1 The commoner species among the Protoxoa, bactene, actmomyoetes and 
fungi of the soil have a wide distnbubon and constancy of occurrence. It is 
possible, therefore, to speak of a characteristic soil association of micro 
organisms, A considerable proportion of these organisms possess the power of 
producing antibiotic substances in artificial culture, 

2 In many well established cases of antagonism between saprophytic soil 
organisms and soil borne plant pathogenic fungi considered as examples of 
one type of microbiological balance in soil one finds that all the observed facta 
can be esqplained by assuming the produchon of antibiotic substances by the 
antagonist, which have a suppressive action on the multiphcation or metabolic 
activity of the pathogen. In certam cases there is strong evidence in favour of 
this explanation 

8 Evidence that organisms capable of producing antibiotics in pure culture 
can do so in soil is not strong Nevertheless, there are indications that they arc 
BO produced under certam conditions Consideration of the stability m soil of 
certam pure antibiotics indicates that instability cannot be regarded as being 
a factor precluding them from biological significance in soil 

4 Those antibiotic substances produced by organisms common in soil and 
which are relatively stable chemically are most hkely to be of sigmficance In 
connexion with biological equilibria m soil On this basis those known anti 
biotic* most worthy of study can be indicated 

Soli Myxobacterio By B N SmoH 

Myxobactena were recogmied as an independent group by Thaxter m 1892 
Previously they were considered to be dung organism* and rare m soil 

The ttudiea on the selection of bacterial food by certain groups of soil micro- 
predators led to the development of a method of isolatmg panfymg 
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roughly estuuatmg the numbers of myxobacteria from soil and other sub- 
strates Myxococciis virescens, M fidviis, Chondrococcus exigiins s-ndArchangnm 
sp are mdely distnbuted in the soils of Great Britain 3Iyxococciis virescens 
and Chondrococcus exiguus seem to be common in soil samples obtained from 
Sweden, Holland, Jan Hayen, Canada and South Africa The common occur- 
rence of myxobacteria m Rothamsted soils which have been unmanured or 
treated with artificial fertdizers only for over 100 years proves that they are 
true soil inhabitants They have been foimd m numbers rangmg from 2000 to 
76,000/g soil 

Nmety-four varied strains of bacteria were given as food to three species of 
myxobactena {Mijxococcus mrescens, M fulvus and Chondrococcus exiguus) on 
non-nutrient agar Under these conditions, a higher percentage of Gram- 
negative than Gram-positive bacteria are attacked Pigmented bactena are 
more often resistant than non-pigmented It has been conclusively proved 
that, at least on sohd media, certam myxobactena lyse livmg Gram-negative 
bactena and do not merely attack dead bacterial cells A method of growing 
myxobacteria in mass liqmd culture to produce extracellular lytic secretions 
has been developed 

Dr A E Oxford has found that a stram of Myxococcus virescens isolated at 
Rothamsted produces two substances one is a soluble non-enzymatic anti- 
biotic substance, and the other is an exoceUular lytic (proteolytic) en 2 ynic 
which IS active against non-viable bacteria only Thus myxobactena provide 
excellent material in which the mechamsm of antibiotic action may be 
analysed 


Micro-organisms and soil structure By R. J Swaby 

The physical condition of soils is improved by addition of readily decomposable 
orgamc matenals Microbial cells and metabolic products restore soil structure 
by binding the soil particles into friable crumbs or aggregates capable of 
resisting the action of water 

In pure culture studies it was found that the aggregating power of micro- 
organisms was as follows fungi > actmomycetes > capsulated and gum-pro- 
ducing bactena > yeasts > non-capsulated bactena Fungal hyphae entangled 
the soil particles mto stable aggregates Weaker crumbs were formed by the 
frail threads of actmomycetes A few bactena produced gums capable of 
gluing soil particles into water-stable aggregates, but the majonty of bacterial 
slimes were almost useless because they remained water-soluble after drjrmg 
Jlost bactena had no effect on soil aggregation 

Mixed cultures of micro-organisms were used to elucidate effects obtained in 
the fields j\Iixed inocula of fungi or actmomycetes gave slightly better aggre- 
gation than pure cultures, but neither capsulated nor non-capsulated bactena 
in mixtures gave better results than single strains More complex mixtures 
containing fungi, actmomycetes and bactena gave good aggregation sometimes, 
but poor results at others If the mixture contained antagomstic bactena w hich 
inhibited the growth of either the fungi or actmomycetes, then few crumbs were 
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fonncd Effects obtained in the field were finally imitated m the laboratory by 
inoculating sterilized soil with complex mixtures of fungi^ actmomycetes and 
bactena. 

Aggregates stabilized by mycelia do not last very long m the Add because the 
hyphae ore decomposed bj bacteruw The bacterial metabolic product* derived 
from fungal threads do not cement the soil nearly as well as the hyphae, 

(Lantern slides have been prepared illustrating all these pomts ) 

The productioa of an antibiotic substance in the soil which inhibits 
phytopathofeenlc organisms By E GaossEAHn 

An attempt was made to Induce the production of antibiotic substances m the 
son, os a means of controlling soil borne diseases 

Pcn\c\U%\m paiulum is known to produce an antibiotic active against certain 
phytopathogens When this fringus was cultured on sterilized soil the aqueous 
extract did not inhibit the teat organisms, but when P paiulum or other an 
tagonists such as Aspergillus davaius, A ierreus and Streptomyces aniibioUeus 
were grown on autoclaved straw an antibiotic was readily formed. A mixture 
of sterilized soil, straw and water was inoculated with PemcnUiumpaiulunu The 
liquid expressed from the soil after incubation completely inhibited the growth 
of the phytopathogemc and other test organisms. The addition of glucose in 
creased this activity When straw was omitted and glucose mixed with the soil, 
activity was only shghtly reduced. Thus carbohydrate decomposition may 
be one essential fector m the production of an antibiotic in sterilized «oil by 
P paiuluiTU 

The addition of carbohydrates to the soli is reported to reduce the virulence 
of certain disease* by modifying the microflora. It is possible that, m addition, 
this treatment may also Induce onbblotic production m the soil not only by 
P paiulum but also by other micro-organisms 

The pos*ibihtles of a practical application will be outlined 

The dilate protozoan fauna of soH and inland waters By Eunest Gkay 
O ne year s study of the bacteria In the current core of a chalk stream has 
shown thatthcrewa3anaturalwatcrbactcnalflora(Ps««Iomona«sp Flavobac 
Unatt Mxcrocoeoi *p ) which was supplanted by a bactenal flora of soil types 
{B mycoxdest B evbttlu Actinomyces sp B eoh irregulars) after heavy ram 
floods or prolonged periods of hot dry weather, when presumably the hanks 
contmually crumbled into the stream 

It was also observed that bacteria eating cihatca in the current core were 
most numerous and most varied when a toil bactenal flora predominated. 
Further many of these bactena-eatmg ciliates {e.g Colpodoy Haliena HoUh 
phyra) appeared in numbers after heavy ram, floods and penods of hot dry 
weather, that is, after the same physical conditions which had ushered a soil 
bactenal flora mto the stream. 

Examination of the soil on the banks of the stream, and of the soil 200 yards 
away on the banks of gullies emptying into the Etream showed the presence of 
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ciliates many of which were indistinguishable from forms found in the stream 
{Colpoda, Holophyra, Oxijtncha, Haliena) Cihate Protozoa indistmguishable 
from forms found m the stream were also obtained from within dried mud 
onginally excavated from the bottom of the stream and cast on adjoining land 
{Oxifincha, Rypoinchid sp , Haliena) 

Sod cdiate Protozoa in artificial culture developed slowly — in 1-2 weeks if 

the only food supply was the natural sod bacterial flora. If, however, the 
culture was moculated with micrococci isolated from the stream, a massive 
development occurred withm S-5 days 

It is suggested that there is a free exchange between sod cdiate Protozoa and 
those of inland waters, and tliat any distmction drawn between them is 
apparent and not real, m short, water cdiates are identical with those of the 
sod, one habitat being the source of the other 


Microbial association m sewage By L A Allen 

Domestic sewage is a dilute fluid contammg fats, carbohydrates, and proteins, 
together with products of decomposition of these matenals, and a variety of 
inorganic salts Some of these constituents are m solution, others are colloid- 
ally dispersed, and they may be augmented by those of a number of trade 
wastes There is also a heterogeneous population of micro-organisms denved 
from the mtestine and from sod and water 

Sewage is a nutrient medium and the conditions to which it is subjected 
determine the groups of micro-organisms which predommate, thus giving rise 
to different microbial associations Some of these associations cause difficulties 
and economic losses, others are beneficial and form the basis of modem methods 
of purifying sen age and trade wastes 

Undesirable associations may anse, for example, m a long length of sewer, 
where sewage receives little or no aeration Growth of the mixed flora reduces 
the oxidation-reduction potential to the pomt where sulphate-reducing bacteria 
are encouraged The resulting trouble is not confined to an objectionable odour 
at the treatment works, for some of the hydrogen sulphide which escapes into 
the atmosphere above the liquid is absorbed by the moist surface of the sewer 
and, in the partially aerobic conditions which obtain there, it may be con- 
verted by sulphur-oxidizing bacteria to sulphuric acid, which attacks the 
concrete 

IMien sewage is subjected to aeration and agitation there develops an active 
biological material, which increases in amount if the sewage is continually or 
periodically replaced Such material is found in the form of a slimy growth on 
the bottom and sides of a polluted stream, as a biological film on the surface of 
the medium in a ptrcolatmg filter, and as gelatinous floes in an activated sludge 
tank These films or sludges consist of a mass of bactena and fungal hyphac 
embedded in mucoid material, which also entrains a variety of Protozoa, and 
the\ arc able to elTcct with remarkable rapidity profound changes in the com- 
position of sewage with which they are brought into contact The first stage 
the clarification stage — of the reaction between the two results in adsorption of 
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dissolved organic matter and flocculation and removal of the particles m 
suspension In this ivay a highly clarified liquid may be produced in a matter 
of 20 or 80 rain from grossly polluted -water flowing over slime-covered stones 
or from sewage percolating through a filter 

The second stage of the reaction consists of oxidation of organic matter by 
the niicro-orgamsms m the sludge accompanied by synthesis of new cell 
material This microbiological oxidation has been in-vestigated by the Thunberg 
tube tcchmque, by the microrespirometcr, and by measuring absorption of 
oxygen evolution of carbon dioxide, and reduction m biochemical o x y ge n 
demand during aeration of activated sludge with different substrates in a closed 
oershon system Although bacterial cells arc raomlv responsible for the oxida- 
tion, bactena-eatmg Protozoa appear to be necessary to maintam the activity 
of this microbial association at on optimum 
An example of a different land of bacterial association, of which advantage 
was taVen to avoid the discharge of a highly polluting trade waste, is that 
between aerobic and anaerobic bacteria m the aerated retting of flax. Species 
of Clostndium growing in the flax stems perform the actual retting aerobic and 
facultative bacteria oxidize so effectively the organic matter m the hquid m 
which the flax is immersed that it can be reused for tuccessrve batches of flax. 


The protozoan fauna of sewage By A, Neville BaBSEa 

Protozoan associotions of sewage disposal works appear to be detenmned by 
the complex influence of a number of ^vironmental factors Not only are 
there changes m these associations correlating with the degree of purification of 
the sewage but superimposed on these are changes of a seasonal nature and 
changes due to local characteristics e.g type of aeration system employed and 
sewage Btrength. 

Transitions throughout the system corrclnte with the nature of the food 
supply and the availabiUty of o-xygen Thus saprophytic Protozoa present in 
the early stages of punflcation or© rapidly superseded by holozoio fonn* and, 
where a very pure effluent is attamed the presence of holophytic forms may be 
noted. Within the holozoic group transitions occur which appear to be related 
to the state of aeration or punty of the sewage and range from a pollutional 
association in which Amoebma and Masbgophora predommate to one charao- 
teristic of a high degree of purity m which Pentneha and Paramoectntn pre- 
dominate. ^Vhere the crude sewage is -weok these transitions may occur 
rapidly and ^ association characteristic of a high degree of punty may 
colonize the bactena beds On the other hand, when a strong sewage is treated 
the poflutionnl association may never be completely replaced 

Sewage strength also influences the nature of the seasonal changes In the 
hactena beds so that a sewage of medium strength may sliow a protozoan 
fauna which is hmited by temperature in winter and by the predatory activities 
of a large insect population m summer Weak* and ‘strong sewages may not 
support huge Insect populations so that temperature may ha-ve o direct effect 
on the fauna through most of the year or may act indirectly through'lbe 
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slouglung or ofF-loadmg of the beds During sloughing the opening of the beds 
usually leads to increased purification and a consequent change in the proto- 
zoan association to one charactenstic of a higher degree of purity, e g with a 
‘weak’ sewage there may be restriction of variety and abundance of Protozoa 
and with a ‘strong’ sewage a change from the poUutional association with 
flagellates predommatmg to one in which ciliates mcrease m both variety and 
abundance 

In activated sludge systems the protozoan associations are constant through- 
out the length of the channels and are determmed by the strength of sewage 
treated and the degree of purification attamed 


The growth of fungi in percolating jfilters in relation to the strength 
of sewage treated By T G Tomlinson 

In the standard process of biological filtration, one of the most important 
factors lumtmg the rate of treatment of sewage is the accumulation of fungus 
mycehum diuing the wmter The fungus is dismtegrated by the renewed 
activity of the filter metazoa and in parbcular msect larvae in the spring and 
early summer which causes the discharge of large amounts of solid matter in 
the effluent over a short period 

By dilutmg sewage with an equal volume of filter effluent it was found that 
the rate of growth of fungal film was reduced to one-fifth and that growth 
ceased when the biochemical oxygen demand of the sewage was reduced to a 
value below 4 parts/100,000 Treatment with filter effluent causes a change in 
the internal orgamzation of the fungal hyphae, which is followed by bacterial 
breakdown of the cell wall Experiments with pure cultures of mycelium- 
decomposing bacteria showed that them activity is mhibited by undiluted 
sewage or by 0 2 % glucose but not by 0 02 % glucose, 0 1 % peptone, or by 
sewage diluted with three volumes of tap water 

Greatly increased rates of treatment of sewage are possible by the alternate 
treatment of a filter with sewage and partially purified filter effluent The effect 
of this method is to reduce the rate of growth of fungi and to allow bactcnal 
decomposition of the fungus mycelium to take place 


Micrococcm, an antibacterial substance from a micrococcus isolated 
from sewage By T L Su 

A strain of Micrococcus isolated from the sewage in Oxford was found to pro- 
duce a substance active against many strains of Gram-positive bactena in- 
cluding mycobactena The active substance extracted, named micrococcm, is 
soluble in alcohol, acetone and chloroform, insoluble in ether, and only very 
slightly soluble m water 

It inhibited at a dilution rangmg from 1 in 640,000 to 1 in 64,000,000 the 
growth of Streptococcus pyogenes, Staphylococcus aureus, diphtheria bacilli, and 
Gram-positive spore-forming rods It inhibited less powerfully the growth of 



Society for General Mtcrohiology Proceedings xxm 

Streptococcui xnndans Pneumocoeeus, CL xodehth and Myco iuhrrculosts, but 
neatly all Gram negative organisms mcluding Neisseria were insensitive to it. 

Naturally resistant strains of susceptible species of Gram positive cocci and 
also of tubercle bacilli were isolated. 

No significant reduction of activity was observed in tbe presence of BO % 
horse blood or serum Alteration in the sue of the inoculum made little 
difference to the concentration required to inhibit growth- 


The synthesis of bacterial viruses In infected bacteria 
By Seymoub S Cohen 

The synthesis of nucleic acid and protein was studied in EsthericMa eoli 
strain B infected byT2H- or T4r+ bacteriophage Adsorption of virus stopped 
bacterial multiphcation and enzyme syhlhcsis without affecting respiration m 
a lactate medium. The metabolism of the infected cell was directed exclusively 
to the synthesis of virus substance, i e. desoxyribosenucleio acid and protein. 
As detennmed by studies with radioactive P and other techniques virus sub 
stance was synthesized for the most part after infection from compounds in the 
medmm. Ribose nucleic acid was completely inert m the infected cdl, being 
neither synthesized nor metabolized 

Protein synthesis began at infection, nucleic acid synthesis started 7-10 nun 
after Infection The amount of nucleic acid synthesized closely corresponded to 
the amount contamed m the number of T2 particles hberated at lysis The 
rates of nucleic acid and protein synthesis were constant, suggesting that the 
synthesis of virus components was a function of the bacterial enzymes, being 
Independent of the number of virus partides formed. 


A case of bacterial symbfosla based on the combined growth-stimulating 
and growth inhibitory properties of long-chain unsaturated fatty adds 
By M R. Pollock 

A chance bacterial contaminant, ‘Q* (a so far unidentified diphtheroid) was 
found to have a remarkable growth promoting effect on H pertussts enabling 
the latter to grow profusely in ordinary broth or on agar The atram of H per 
tussu used is unable to grow on tryptic meat agar unless supplemented by 
blood, albumen or charcoal, the main effect of which has been shown to be due 
to their power of absorbing toxic unsaturated fatty adds from the culture 
(1&47) For ‘Q*, however, unsaturated fatty acids (oleic, linoleic or Imolenic) 
are necessary growth factors, and even on ordinary tryptic meat agar the 
organism will grow only feebly unless oleic add is added, while on 10 % blood 
agar the growth is even poorer and on charcoal agar imdetcctable. Mixed 
mocula of ‘Q and fl perhusis (m suitable proportions) will give nso to satel 
htism otn pertxistU colonies aroimd those of ‘Q* on agar and to sateHitism of 
Q* around those of H pertussis on charcoal agar In each case the ‘parent* 
colonics though often apparently homogeneous, are, in fict^mixed colonies of 
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both organisms The most probable explanation is that oleic acid or some 
similar compound present in the medium and produced to some extent by 
H pertussis itself is absorbed by ‘ Q ’ One organism is thus protected from the 
harmful effect of a substance which is necessary for the growth of the other, and 
both benefit 
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Lecithinase production by aerobic sporing bacilli By H P Chu and 

C A ]\IcGaughey 


Biochemical and imm unological properties of hpolytic enzymes in 
clostridial toxins By G ]\Iacfaklane 

Culture filtrates of various strains of Cl roelchii, Cl oedemattens and Cl haemo- 
lytxcum contain lecithinases which have a similar biochemical action in de- 
composing lecithin with formation of phosphorylcholme The lecitlunases of 
Cl oedemaUens Type A and Type B filtrates are immunologicaUy distinct from 
each other and from Cl welchii lecithinase, in that their activity is inliibitcd by 
a homologous but not by a heterologous antitoxic serum, the Type A and 
Tj'pe B lecithmases are probably identical with Cl oedemattens y- and /?- 
toxins respectively (Oakley, Warrack & Clarke, 1947, Macfarlane, 1942) 

Cl haemolyticum lecithinase is inhibited by Cl oedemattens Type B antitoxin 
but not by Tjpie A or by Cl •welchii antitoxin The lecithinase activity of a 
crude Cl haemolyitcum toxin was high, comparable to that of toxigenic strains 
of Cl icelclm Type A, this supports the suggestion of Jasmin (1947) that the 
lethal capacitj’^ of Cl haemolyticum toxin, which runs parallel ivith the Nagler 
reaction and the haemolj’tic capacity, is due, like that of Cl icelclm Type A 
toxin (jMacfarlane & Knight, 1941), to the action of a lecithinase 

Cl oedemaUens Type A filtrates contain, in addition to the lecithinase, a 
hpase which is possibly responsible for the ‘pearly layer’ effect in colonies of 
this organism 

Culture filtrates of some strains of Cl sordelhi contain a lecithinase Vrhich is 
not fully characterized, together with another factor producing opalescence in 
^c5"> emulsions 
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Synthesis of *L casei factor’ by Streptobacterium plantarum competitive 
Inhibition by sulphonamldes By IL H, NntMO-SmrH, June Lascelles 
and B B Woods 

In his original hypothesis Woods (1040) suggested that the sulphonamides 
inhibit competitively the further utUizabon of p aminobenzoic acid (p AB) 
The publication of the structure of hver L factor' (AngierrtoJ 1946) and 
the experiments of Lampen & Jones (1940) suggest that it is synthesis of 
factors of the ‘folic acid group ivhich is inhibited by the sulphonamides 
In the present experiments we have studied the synthesis of such a factor by 
resting suspensions of Streplobactenum plantamin 6S 
Some of the factor present In cells freshly harvested from a semi synthetic 
medium disappears when they ore meubated m the growth medium, lacking in 
p-AB If these cells are now meubated in the presence of p-AB, a considerable 
increase (10-5(>-fold) in the factor can bo detected. 

Synthesis of the factor Is just as good by cells suspended in buffer solution 
containing glucose, p-AB and DL-glutamic acid moreover, imder these condi 
tions no growth occurs 

In tho absence of glucose only a small amount of the factor is synthesixcd} 
the higher the Imtioi glucose concentration (up to 0 2u) the longer does 
synthesis of 'the factor go on In the absence of p-AB no synthesis occurs 
Under our conditions, a regular Increase in the rate of synthesis is seen when 
the concentration of p AB is increased from 10”® to 10-^u, beyond this con 
centration the rate remains steady Results with changes in glutamate con 
centration have been rather vanable. Addition of glutamate is always stimu 
latory but there is usually some synthesis without added glutamate. 

There has b*n difficulty In establishing the pH optimum of the system, 
owing to the high glucolytic activity of the organism. Synthesis is greater, 
however at relatively low pH values (pH 4-6) 

The action of sulphanilaimde and sulphathiazole is clear-cut. Both inhibit 
the synthesis strongly the mhibition is completely reversed, in a competitive 
manner by increasing the concentration of p AB The competition has been 
established over a 10 000 fold range of both sulphonamides 
The results with the sulphonamides on folic acid* synthesis provide a com 
plete parallel to the effect of sulphonamides on the growth of this organism 
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An Investigation of the properties of H pertussis cultnres grown on 
Bordet-Gengou medium and In liquid semisynthetic medium 
By J Unoas and P W Muooleton 

The mvestigation was undertaken to correlate the yield, viability, virulence in 
mice, agglutlnabihty and toxm production of fourfftnuns of H periussu in 
Phasel Bordet-Gengou medium or aliQUid semi * ^”''^‘imof ^ ^ 
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Homibrook’s fonntila was used and the properties of the organism^ were 
studied at different stages of growth 

Three separate experiments were performed with the results m good agree- 
ment Although the four strams differed in some of their charactenstics, we 
observed that the optimum tune for cultivation on Bordet-Gengou medium 
was about 48 hr , the strams remauung viable, virulent and agglutmable On 
semisynthetic medium the organisms were viable and virulent up to 7 days, 
but the total yield mcreased up to 14 days, the toxin m the metabohsm fluid 
also increasmg up to 14 days Freshly isolated strams, such as those used, gave 
a rather scanty growth durmg the first 4 days 

A prehmmary investigation of the antigenic properties of the vanous 
organisms showed that the vaccmes prepared from cultures grown on Bordet- 
Gengou medium gave a marked antibacterial and antitoxic immunity m 
experimental ammals Vaccmes prepared from cultures on the semisynthetic 
medium produced a similar antibacterial immumty, but the antitoxic immunity 
was lower This partial deficiency imght be caused by the loss of the soluble 
toxin m the supernatant flmd durmg growth of the culture 


A study of the antibiotic phenomena of members of the Actinomycetales. 

By M Lumb 

The order Actmomycetales comprises a large group of micro-organisms which 
show morphological and other charactenstics mtermediate between bacteria 
and fungi Waksman & Hennci (1943) divide the order mto three famihes, 
Mycobactenaceae, Actmomycetaceae and Streptomycetaceae 

The Streptomycetaceae are of particular importance to the afitibiotic worker 
as the family includes about thirty-six species which are known to produce 
antibiotic substances From seven of these species, twelve antibiotics have 
been isolated as solid compoimds some of which are crystalline 

Fewer antibiotic-producmg orgamsms are foimd in the Actmomycetaceae, 
but nevertheless three active species have been reported 
The morphology of many of these organisms has been studied under both 
surface and submerged culture conditions There appear to be relationships 
between morphology and antibiotic production In the case of Sireptomycf^ 
gnseiis this work has been followed by biochemical studies of the culture brews 
throughout the fermentation cycle It has been found that m submerged 
culture there is very rapid mycelial development which occurs in the first 
20-24 hr It may be as great as 0 6 % w/v of liquor During this phase there is 
(a) rapid metabolism of carbohydrate, (6) steady utilization of amino-nitrogen, 
(c) fall m 0/R potential to a constant value, (d) early slight drop in pH followed 
by a steady nse, and (e) little streptomycin formation 

A second phase follows and lasts until the 40-48th hr of fermentation It i® 
accompanied by autolysis of mycelium, nse in ammonia Nj and rapid nse m the 
biological actmtj' of the culture liquor 

The third and last phase results m continued autolysis with little strepto* 
mvcin production There is a drop in streptomycin production measured by 
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maltol eatimatians, ■which suggcsta the formation of some nntlbiotio other than 
authentic streptomycin 

Detailed studies have shown that S gnstu* is a veiy unstable organism Its 
variants differ in their abibty to yield streptomycin 
A substance inhibitory to Sacchartmyixs logos and not extracted by the 
normal Carter (1046) process has been detected m streptomyem hquors It is 
possible that it is identical with an active substance identified by Leach, Ford 
A Whiffcn (1047) 

REFERBNCES 

CAirncR,ELB, Cxauk, R.K Jr.DiCEUAN S R I/K) Y H. Seill^P S ^.Stookq 
W A (1045) J biol Chenu 160 337 
Gabvkbiki G (1800) Ann, Microgr 10 440 
GAtrsE, G F (1046) J BaeL 61 040 

Gbeio^utth R, (1012) Proc, linn Soc NJS Wales 36 0T9 

Greig-Smitii, R. (1016) Proe, linn. Soe. N S Wales 40 681 

Gamo-Surm R, (1017) Proc. linn Soc. N.S Wales 42 162. 

liBAcn B E » Ford J H 4; Wiotoen A J (1047) J Amcr eheiru Soe 69 474. 

Wakhuan S a, Geioeb, "W B 4 Buom (1047) J BaeL 63 856 

Wakbmak, S a & Henbici, A T (1048) J Bad 46, 887 


Some propertlea of Turnip Yellow Mosaic virus By Roy Mabhiasi 

Turnip yellow mosaic virus has been Isolated from several cruciferous plants. 
The preparabons, which are highly active, contam protem and nucleic acid of 
the pentose type combined with protem 
While the preparations so obtained are homogeneous on electrophoresis and 
have a fairly constant composibon on ultracentnfugabon they are found to 
contain t^ components differing m sedimentabon velocity The two have been 
isolated nearly pure and their properties examined 

The more slowly sedimeutmg material has been found to consist of the virus 
protem alone, while the other component is a nucleo-protein "with a high nucleic 
acid content. 

The two components apparently differ only ra weight and not m size and 
both crystnlhze in the same crystalline form. There is considerable evidence 
that the nucleic acid of the -virus is held inside a spherical shell of protein 
The protein appears to need to be combmed -with nucleic add in order to 
cause infection 


The role of nudelc add In the antigenic behaviour of Turnip Yellow 
Mosaic virus By R, B F IiIatthews 
Turnip yellow mosaic virus can be obtained with and without nucleic add 
bound in the protein. 

It is thus possible to study the role of the nudeic add m the antigenic 
behaviour of the virus 

It has been found that the nudoic acid containing virus is hlghlV'^ntigenic. 
The nudde add free protein is very much less antigenic. C ^ 
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of small amounts of nucleic acid contammg virus m the preparations, it has not 
been possible to determine whether tins loss of antigemcity is complete 
In quantitative studies on the reaction of the virus with antibody in vitro it 
has been found that the velocity of the reaction and the amount of antibody 
which combines with a given weight of virus protein appear to be identical for 
the nucleoprotem and the nucleic acid-free virus 


The significance of haemoglobin in biological mtrogen fixation 

By John D Smith 

A study of the distnbution, localization and concentration of haemoglobin in 
various types of legummous root nodules has added strength to the h)q)othesis 
that the pigment is mtimately concerned in the process of nitrogen fixation It 
has been shown that the haemoglobin is locahzed mthm the large bactena- 
containmg cells found in the centre of the nodule During nodular develop- 
ment haemoglobm does not appear in detectable amounts until this t)rpe of cell 
has been formed In actively fixmg nodules produced by effective strains of 
Rktzobium on various plants the concentration of haemoglobin m these cells 
vanes between 10~^ and 5 x 10 “*m (as haematm) Apart from very old or very 
young nodules the concentration does not vary with age Haemoglobm could 
never be detected in Soya nodules produced by the ineffective Bhizobium strain 
507, however young The total haematm content of such nodules was much 
lower than that of effective Soya nodules formed by strain 505, although when 
grovTi in pure culture both strains produced approximately equal amounts of 
haematm 

In an extensive series of experiments it was shown conclusively that the 
nodule haemoglobin does not function as an oxidation-reduction catalyst m the 
manner suggested by Virtanen Methaemoglobin has never been found in 
nodules, even from darkened plants 

Carbon monoxide, in a concentration such that over 60 % of the haemoglobin 
vas converted into HbCO, did not inhibit the oxygen uptake of detached 
nodules Haemoglobm cannot function as a simple oxygen earner m the 
respiration of such nodules 


The production of /?-alamne from aspartic acid by Escherichia colt 
By J A Roper and H McIlwain 

Several aspects of the metabolism of pantothenate have been investigated (cf 
Hcllwam, 1947), including its synthesis by intact cells of Escherichia coli This 
synthesis appeared to proceed through /?-alanine, and we have now investigated 
the origin of the /^-alanine Decarboxylation of aspartic acid appeared a likely 
source (cf ^ iitanen & Lame, 1937), but the quantities of material involved 
(pantothenate synthesis proceeded at rates of about 1-3 m/i mol /mg dry wt 
of cells /hr ) precluded direct observation of the decarboxylation by evolution 
of CO; as has been done in other cases by Gale (1945) 

"W e lia\ e therefore de\ eloped a suitable assay method of y?-alanine, using ® 
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strain of Coryn^dmum dipthenae (ct. Schenk, 1940) In this way intact cellg 
of Etchenchia coh have been shown to produce g alanine from 0*01ii aspartic 
acid at rates of 1 0 to 1 5 m/t mol ^mg dry wLfhi at pH 5 The optimum pH of 
the enzyme was about 5, and on extract has been obtained which m buffer 
solutions possessed 00 % of the activity of the whole cells, 
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I The relationship between the haemagglatlnin and infectlvlty of Influenza 
f and Newcastle Disease vlmses By C, M. Chu 

' The effects of heating at different temperatures and of different concentrations 
( of formalin on the hacmogglutinln and mfectivity of influenza and Newcastle 

' disease virus (N JD V ) are studied* Heating of N*D V up to 66“ C. for 16 mux. 

only moderately reduced its haemogglutmm and mfectivity titres, whereas 
heating at 68® C for 16 min abolished its hacmagglutmatmg activity and 
sharply reduced its mfectivity \n ovo over a milllonfold* Formalin in 0 2 or 
I 0 5 % concentrationa completely inactivated the inf activity of N D V m 18 hr 
but had no appreciable action on its haemagglutimn over the same period 
although a marked declme of haemaggtutinm titre occurred in 8 days Heated 
or forraoliicd NJ3 V If causing haemogglutmation at all is adsorbed on to 
and duted from fowl red cells as does the untreated vims Influenza B virus 
(Lee strain) heated to 62 or 64® C for 16 min retained its frill haemagglutimn 
titre, but was no longer demonstrably eluted from fowl red cells. At same 
time, its haemagglutimn became increasingly inhibited by the Francis inhibitor 
present in purified human blood group O substance its enzymic action on the 
‘Francis inhibitor* was increasingly impaired and there 'vyas a steady drop in 
mfectivity fn ovo Formalm in concentmtionB up to 0*2 % rapidly inactivated 
the mfectivity of influenza B virus, but neither its haemagglutimn titre nor its 
eluting power from fowl red cdls, nor its behaviour toward the Francis 
inhibitor was altered withm the experimental penod of 8 days. Higher 
. formalm concentration 0 6 % caused a slow deterioration of influenza haem 
^ agglutinin 

It is concluded that heat inactivation of NJ3 V is accompanied by loss of 
haeraaggluhnating power , and that of influenza \'irus by loss of eluting jiower 
thus destroying its enzymic function. These findings strongly Indicate that the 
complete functioning of the haeraogglutinm component of these viruses is 
essential for their mfectivity Formahn appears to hit at some other com 
ponents of these viruses which are equally essential for mfecti\nty 
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The serological differentiation of staphylococcal bacteriophages 
By Phyllis M Rounthee 

A senes of thirty-one staphylococcal bacteriophages has been examined by 
serological means, usmg sera prepared in rabbits for phage neutralization tests 
The results showed that six serological types could be differentiated, the 
neutrahzation tests giving clear-cut differences between these types These 
serologieal types could also be correlated with the ongins of the phages, 'with 
the strains of staphylococci which they attacked, and with certam other 
charaeteristics of the phages such as stability and plaque size 


The serological typing of Staphylococcus pyogenes and its relationship 
to bacteriophage reactions By Betty C Hobbs 

Further work has been carried out on the serology of staphylococci The known 
and suggested types and subtypes hitherto described by Cowan, Christie an ^ 
Keogh, along with recently isolated strains, have been formed into a senes o 
types by means of absorbed sera , 

A comparison is made between the results obtained by both serological 
bactenophage methods of typmg for a senes of recently isolated strains from 
widely scattered outbreaks of staphylococcal infection mcludmg pemphigus 
neonatorum, human mastitis, boils and staphylococcal food-poisoning 
Observations are made on the correlation and irregulaxities shovni to exis 
between the two methods of typmg 


Riboflavin enhancement of radioactive phosphate exchange by yo^^®' 

By Walter J. Nickerson 

Through the use of isotopic it was found that addition of nboflavui to 

metabohzmg glucose enhanced then* phosphate exchange This was oDservcu 
with Saccharomyces ceremstae (bakers’ yeast) and with Candida ad>!ca^ 
Increases observed ranged from 20 to 200 % over the phosphate exchangeo 5 
controls in glucose alone The effect was also observed -with suspensions wm 
had metabolized glucose at 25° C and were subsequently placed at 4° C m 
presence of P^- The possibihty of a surface-acting P-complexing role for n 
fla^^n in phosphate exchange may be suggested 

Smce agents (such as dmitrophenol and sodium azide) which are kno^ 
inhibit glucose assimilation by yeasts also inhibit phosphate exchange, 
of interest to find that riboflavin promotes a greater assmulation of 
glucose by these yeasts as revealed manometricaUy and by increase m ^ 
weight of the cells 

IMnle it IS well known that the presence of external phosphate is not essentio 
for the oxidation and assimilation of glucose by yeast suspensions, it is 
knoivn that phosphate exchange and polymerization (as measured by 
increase m basophily) are dependent on the presence of external metabofizauie 
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substrate Both exchange of P and polymenzation of P by yeasts were found 
to be enhanced by riboflavin and to be inhibited by dinitrophenoL 
It appears then with yeasts, in the presence of phosphate, that agents in con 
ccntrations inhibiting glucose assimilation (but not respiration) also inhibit 
P-exchange and polymeruiation, whfle agents enhancmg assimilation enhance 
P-exchange and polymerization. 


Some observations on an organism present in sewage {Bacillus thiocyan 
oxidans) which ntUlzeB thiocyanates By F C. Happold and H- J Rogees 

Happold Key (1987) described a Gram negative motile organism isolated 
from enncbed sewage effluent which was able to utilize ammonium thiocyanate 
as energy source The organism is autotrophic m the sense that it is able to 
grow on media containing only ammomum thiocyanate and phosphate It is, 
however, able to use orgamc substances and grows profusely on nutrient agar, 
producing a greemsh diffusible pigment. In the present work washed sus 
pensions of this organism have been exammed and when grown on agar con 
taining thiocyanate and phosphate only, the preparations are able to use up to 
0*2 % of ammomum thiocyanate. Cultures grown onnutnent medium, whether 
it contains thiocyanate or not, liul to give active preparations The time curve 
for the utilization of thiocyanate by active preparations shows an mcreasing 
rate as the concentrataon of the salt decreases The optimum temperatore for 
growth of the organism Is 22® C and if cultures ore exposed for times as short as 
4 hr to 87® C then inactive preparatioas are obtamed. These observations 
might be best mterpreted In terms of the eelection of atrtave mutants rather 
than by adaptation of the cells Prehmmary studies of the mechanism of 
thiocyanate utilization suggest that cyamde-sensitive enzymes are involved. It 
has so far not proved possible to obtam an active cell free preparation. 
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The examination of bacterial filtrates by paper chromatography 
By A. WorwoD and H. Paoou 

This IS a prehmmary report of the apphcatiouof partition paper chromatography 
(Consden, Gordon & Martin, 1044) to a taxonomic survey of the amino-acid 
metabolism of bactena. Using sheets of Whatman No 4filtcr paper 22x18 in. 
and single dimensional chromatography we have exammed 2 and 10-day 
filtrates from 50 strains of bacteria grown on a defined medium n Butanol 
-f acetic aad mixture (Partridge, 1948) has been used as a solvent as it separates 
the ammo-acids mto well-defined groups The medmm was an add hydrolysa*-'' 
of casein (8 g TN/L) with 0 1 % glucose, pH T 6 This medium gave 
chromatograms uncomplicated by the Imtial presence of polypeptides 
combination of method and medium gave reproducible ttv 
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When any of the organisms tested grew m this medium the senne spot -was 
decreased in intensity, this was the first effect noted on the chromatogram 
All members of the Proteus group produced two polypeptide spots which have 
Rf values greater than leucme This did not occur with any of the other groups 
of orgamsms examined Vzhno comma characteristically removed completely 
the basic ammo-acids, usually during the first two days of growth The purpose 
of this commumcation is not so much to describe the effects observed as to 
indicate the usefulness of the method 
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DEMONSTRATIONS 

W Goldie, Gordon and K I Johnstone IMutation m a smgle-ccU 
culture of Corynebactenum diphihenae 

V, D Allison Bacteriophage typmg of Staphylococcus pyogenes 

M R Pollock Bactenal symbiosis based on the combmed growth-stimu- 
lating and growth-mhibitory properties of long-cham imsaturated fatty acids 

F W Jelks An mexpensive substitute /or the Petri dish 




